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Editorial 
Gallop Rhythm 


TANDARD textbooks of medicine have 

treated the problem of gallop rhythm with 
simplicity and brevity, the added diastolic 
sound being accepted as evidence of incipient 
or actual cardiac failure. Somewhat similar 
but usually less intense sounds noted in normal 
individuals are classified differently as third or 
fourth heart sounds. Although variables are 
recognized, the schema of presentation causes 
little difficulty for the student and physician. 
On the other hand, information to support a 
much more elaborate concept is available. 
Stimulated by recent technical advances and 
the need of exact diagnoses before cardiac 
surgery, interest has been renewed in the study 
of gallop rhythm. In this light it would appear 
wise to reconsider our answers to such simple 
questions as: What is a gallop? Why does a 
gallop appear? What are the diagnostic and 
prognostic implications of a gallop rhythm? 

What is a gallop? Some clinicians refer in a 
highly specific way to a sound in diastole, 
heard in patients with heart disease when the 
heart rate is rapid, that produces a rhythm 
simulating the gallop of a horse. On a more 
liberal basis, the addition of any third cardiac 
sound may be classified as a gallop rhythm. 
Systolic sounds are usually excepted from con- 
sideration, as well as the diastolic sounds oc- 
curring in the presence of a normal cardiovas- 
cular system (third and fourth heart sounds). 
What is apparently the same basic sound is 
named differently depending on the company 
it keeps. 

If one becomes interested in gallop rhythm, 
he is impressed at once with the variability in 
the recognition of such sounds by his colleagues. 
Several facts would appear to explain this find- 


ing. Most gallop sounds are of low pitch, in a 
frequency range that is relatively inaudible to 
the human ear. Only if the sound is of con- 
siderable physical intensity does it cross the 
threshold of audibility. It has been pointed 
out! that in order to be audible at all, a gallop 
sound must be many millions of times more 
intense in a physical sense than a barely audi- 
ble, but higher pitched, aortic diastolic mur- 
mur, which strikes the ear in a more sensitive 
range. Another factor is the relatively incon- 
spicuous nature of low-pitched sounds. You 
may have to listen for the gallop specifically 
and search it out. It is comparable to listening 
to a band in a football stadium. The high- 
pitched notes of the glockenspiel stand out, 
but the low-pitched thumping of the tuba is 
quite inconspicuous and usually lost in the 
total sound unless specifically noted. By using 
electronic amplification and graphic recording, 
one can intensify and time gallop sounds that 
are barely audible, and even discover them 
when they cannot be heard by the unaided 
ear. It readily becomes apparent that a gallop 
can be recognized and identified more fre- 
quently if one uses such phonocardiographic 
methods. 

What are the recognized diastolic sounds? 
Probably the most common is that referred to 
as a protodiastolic gallop sound or by others as 
a ventricular gallop sound or rapid filling gal- 
lop. This appears to be essentially the same 
sound as the physiologic third heart sound, 
only now appearing in different company. The 
low-pitched short sound is heard at about the 
end of the first third of diastole, but if the 
heart rate is more rapid it may be approxi- 
mately middiastolic in position. The sound 
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occurs at the time of diastolic ventricular fill- 
ing and is now considered by many actually to 
be the result of temporary reclosure or tensing 
of the atrioventricular valves, although several 
other mechanisms have been suggested.’ It is 
often accompanied by a palpable precordial 
heave. It is usually best heard near the apex, 
but at times may be more readily heard toward 
the left sternal border. This type of gallop 
sound is usually heard in association with in- 
cipient or actual heart failure. It is noted by 
some observers that it does not occur in the 
presence of marked mitral stenosis, probably 
because this lesion prevents rapid ventricular 
filling. 

A variant on the usual protodiastolic sound 
occurs frequently in the presence of pericardial 
disease.* In general it occurs slightly earlier in 
the diastolic phase. In many ways, however, it 
is like the usual protodiastolic sound, perhaps 
differing only in timing because of the altered 
physical properties of the ventricular wall. 

The so-called presystolic gallop, or atrial gal- 
lop sound, has similar sound characteristics 
but is usually less striking. It occurs late in 
diastole, temporally associated with atrial con- 
traction and just before the first heart sound. 
It is the pathologic counterpart of the physio- 
logic fourth sound. In the presence of a rapid 
heart rate with a shortened diastolic period, 
it may be heard almost in middiastole. Under 
these circumstances, temporary slowing of the 
heart rate by carotid sinus pressure will allow 
the observer to decide that the sound is of the 
atrial type if it remains in close association 
with the first sound as diastole lengthens.‘ 
The phenomena producing the sound are even 
less well understood than those of the ven- 
tricular sound, but again appear to be related 
to temporary retensing of the atrioventricular 
valves. The sound is usually brought out in 
situations where the atrioventricular conduction 
is prolonged. If one listens with care, it may 
be heard in other patients, primarily those with 
recent myocardial infarction and hypertensive 
vascular disease. It has been observed® that in 
contrast to the early diastolic gallop sound this 
late sound does not appear to be associated 
with the presence of congestive heart failure. 


Increases in the heart rate occur predomi- 
nantly at the expense of the diastolic phase; 
therefore it can be seen that with a rapid heart 
rate, a protodiastolic gallop sound may become 
closer to a following presystolic sound just as 
the T wave nears the next P wave. This may 
occur to an extent that the sounds superim- 
pose, producing a particularly loud sound that 
has been called a summation gallop.’ This 
sound of great intensity is probably the gallop 
most frequently heard by those observers who 
do not pay a great deal of attention to the less 
well recognized phenomena of the diastolic 
period. 

Another sound occurring early in diastole, 
resembling at times a split second sound, is the 
opening snap of the mitral valve.’ This early 
diastolic sound has somewhat different tonal 
characteristics than other gallops, being sharper 
and more like a second heart sound. It is heard 
in the region between the pulmonic area and 
the apex, and is usually brought out by those 
maneuvers that enhance the murmur of mitral 
stenosis. It is a useful diagnostic sign and at 
times it may be present in the absence of a 
murmur of mitral stenosis. On occasion, diffi- 
culty may arise in differentiating it from dupli- 
cation of the second sound on one hand, and 
from an early ventricular gallop sound on the 
other, with simple bedside means. 

More exact interpretation of these extra 
heart sounds must await further information 
regarding their nature. In particular, research 
is needed correlating sound phenomena with 
actual visualization of valve action in experi- 
mental preparations and with accurate intra- 
cardiac pressure recordings in the human heart. 
As knowledge is increased, perhaps we can 
avoid the confusing Dr. Jekyll-Mr. Hyde sys- 
tem of nomenclature that results in naming 
the same sound differently as either a heart 
sound or gallop, depending primarily on the 
company it keeps. 

Phonocardiography is a useful technic for 
the study of gallop sounds and in some in- 
stances is required for accurate assessment of 
a given sound, but much can be accomplished 
with an ordinary stethoscope. Amplification 
without recording is now electronically feasible 
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in a small package. By such means, the low 
frequency tones can be made more readily 
audible and the high tones filtered out if de- 
sired. Interestingly enough, this may not be 
completely helpful, but lead rather to a jumble 
of low frequency sounds in normal and diseased 
hearts alike. We should not remain emotionally 
attached to the traditional stethoscope; the 
potential advantages of a new transistor model 
must be carefully weighed. 

It becomes clear, that in a practical sense, 
the simple concept of gallop rhythm is out- 
moded and that we should both teach and 
practice with a more rational approach. It 
would appear almost as important to recog- 
nize the opening snap of the mitral valve as 
to know about the diastolic murmur of mitral 
stenosis, to realize the frequency of loud early 
diastolic sounds in pericardial disease as to 
recognize a friction rub, or to differentiate 
prognostically between a protodiastolic and 
presystolic gallop sound in a patient with 
hypertensive heart disease. Despite limitations 
by complexities of the sounds and an inade- 
quate acoustic system, rewarding informa- 


tion can be gained from interest and discern- 
ment by that most valuable part of the total 
system—that between the earpieces of the 
stethoscope. 


JAMES V. WARREN 
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Medical Eponyms 


By Rosert W. Buck, M.D. 


Cheyne-Stokes Breathing. In the Dublin Hospital Reports and Communications in Medicine and 
Surgery 2: 216-223, 1818, John Cheyne (1777-1836), professor in Dublin, reported “A Case of 
Apoplexy in which the Fleshy Part of the Heart was Converted into Fat.” 

“For several days his breathing was irregular; it would entirely cease for a quarter of a minute, 
then it would become perceptible, though very low, then by degrees it became heaving and quick, 
and then it would gradually cease again; this revolution in the state of his breathing occupied about 
a minute, during which there were about thirty acts of respiration.” 

William Stokes (1804-1878), physician to the Meath Hospital, reported his “Observations on 
Some Cases of Permanently Slow Pulse” in the Dublin Quarterly Journal of Medical Science 2: 73-85 
(August 1), 1846. He quotes Cheyne’s description of this type of breathing and describes a patient 
of his own who had similar breathing: 

“For more than two months before his death, this singular character of respiration was always 
present, and so long would the periods of suspension be, that his attendants were frequently in 
doubt whether he was not actually dead. Then a very feeble, indeed barely perceptible inspiration 
would take place, followed by another somewhat stronger, until at length high heaving, and even 
violent breathing was established, which would then subside till the next period of suspension. 
This was frequently a quarter of a minute in duration. ... 





Variations in Serum Glutamic Oxaloacetic Transami- 
nase Activity in Experimental and Clinical Coronary 
Insufficiency, Pericarditis, and Pulmonary Infarction 


By Irwin Nypick, M.D., 


PauL RUEGSEGGER, 


M.D., Fevix Wrésiewski, M.D., Anp 


Joun 8. LaDuz, M.D., Px.D. 


Previous studies have demonstrated consistent rises in serum activity of the enzyme, glutamic 
oxaloacetic transaminase (SGO-T), following myocardial necrosis of various etiologies. The pres- 
ent study demonstrates markedly different findings in experimental and clinical coronary insuffi- 
ciency, pericarditis, and pulmonary infarction unless concomitant myocardial necrosis was present. 
This seems to be a valuable means of differentiating clinical problems i in which the presence of 
myocardial injury is suspected as the basis of the patient’s chest pain. 


HE serum activity of the enzyme, glutamic 

oxaloacetic transaminase (SGO-T),  in- 
creases following experimental or clinical 
myocardial necrosis.'“* When acute myocardial 
necrosis is produced by ligation’ or emboliza- 
tion*® of the coronary vessels of a dog, the 
SGO-T activity begins to rise within 4 hours 
after the heart muscle damage, reaches a peak 
within 12 to 24 hours, and remains elevated for 
2 to 7 days. The intravenous injection of 


papain in rabbits causes myocardial necrosis 


and significant rises of SGO-T. Such elevations 
have been seen in all animals developing 
myocardial necrosis of different types, and the 
degree of rise is roughly proportional to the 
amount of damaged muscle.*:* It has been 
possible to detect necrosis of less than 1 Gm. of 
dog myocardium from a study of the serial 
changes in the SGO-T level. Characteristic 
curves have been observed following heart 
muscle necrosis in man due to myocardial in- 
farction and in some patients with the carditis 
of rheumatic fever.’ Preliminary observations 
in animal experiments and in man suggested 
that myocardial ischemia without necrosis was 
not followed by elevation of SGO-T even when 
associated with marked electrocardiographic 
abnormalities of the ST and T waves.?:* The 
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accuracy of the variations in SGO-T activity 
in detecting myocardial necrosis is shown in 
table 1 

The SGO-T level has not been found to be 
elevated in a large group of patients with 
infectious, neoplastic, allergic and degenerative 
disease states unless evidence of acute damage 
to the liver,® heart, or skeletal muscle was 
present. 

The patient with prolonged chest pain and 
fluctuating electrocardiographic abnormalities 
of the ST and T segments is frequently a 
difficult diagnostic problem. The decisions 
whether such pain is of cardiac origin and, if so, 
whether necrosis of the myocardium has oc- 
curred, are of the utmost importance, and con- 
fusion in diagnosis is common. Minor ab- 
normalities in the white blood cell count, 
erythrocyte sedimentation rate, C-reactive 
protein, and temperature are often difficult to 
evaluate and may even be misleading. 

The observation that the SGO-T failed to 
rise following myocardial ischemia due to 
temporary occlusion of a dog’s coronary artery 
or following prolonged coronary insufficiency 
in man despite marked but reversible ST and 
T wave evidence of myocardial injury?‘ 
encouraged us to study the changes in SGO-T 
activity following experimental and clinical 
myocardial ischemia, pericarditis, and _pul- 
monary infarction. 


ASSAY OF ENZYME 


The SGO-T levels were analyzed spectrophoto- 
metrically. 
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Aspartate ++ 


a-Ketoglutarate ————————> Glutamate + 
Transaminase 


Oxaloacetate 


TABLE 1.—Mazimum SGO-T Concentration Follow- 
‘ng Myocardial Ischemia in Dogs with Electrocardio- 
raphic Abnormalities of Varying Duration 





| Duration 
Duration occlusion EKG Maximum 
(min.) abnormality | SGO-T 
(min.) 


Dog No. 


X-67 34 9 79 
X-71 | 4 | 8 40 
X-63 216 41g 28 

164 4 4 44 
X-158 45 

163 3 30 24 

185 34 
196 
X-26 | 2 

X-84t | Artery Perma- 150 36 
nently Occluded 

X-333 1 45 44 





* Control = 80, hence a rise of only 16 SGO-T 
units. 

t Premedication with atropine and aminophyl- 
line. 


Oxaloacetate +- 


DPNH* ————_———’ Malate +- DPN 
Malic Dehydrogenase 


One unit of transaminase was designated as a change 
in optical density of .001 per ml. per minute. The 
normal range as determined in 44 presumably nor- 
mal dogs was 7 to 45 units per ml. per minute (mean 
26; S.D. 9.5). The normal range as determined in 
150 healthy adults was 8 to 40 units per ml. per 
minute (mean, 22.1; S.D., 7.1). All analyses were 
done at room temperature of approximately 23 C. 


EXPERIMENTAL CORONARY INSUFFICIENCY 
Method 


Dogs were anesthetized with intravenous sodium 
pentobarbital and intubated and their respiration 
was sustained by intermittent positive pressure with 
compressed air or oxygen. The duration of anesthe- 
sia did not exceed 3 hours. A left lateral chest incision 
was made and the pleural space was entered through 
the fourth interspace without rib resection. The 
main branch of the left anterior descending coronary 
artery was then dissected free and a thick braided 
silk tie threaded beneath it in a sling-like fashion. 
The ends of the sling were brought to the body sur- 
face through stab wounds in the chest and buried 
subcutaneously (fig. 1). The effects of temporary 
coronary occlusion could then be studied 10 to 14 


Fig. 1. Technic for the production of temporary myocardial ischemia in the dog. In A the sling 
is seen threaded beneath the isolated coronary artery. B and C show the coronary vessels in cross 
section before and after traction upon the string. D shows the ends of the tie brought through the 


closed chest wall in readiness for the application of traction in order to compress the coronary 
vessel. 
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TABLE 2.—Incidence of Elevated SGO-T Activity 
Following Acute Myocardial Infarction in the Dog and 
in Man 


Number elevated 


Number of patients SGO-T 


TABLE 3.—Clinical and Laboratory Findings in 
Fifty Patients with Coronary Insufficiency and Status 
Aginosus 


16 Patients with | 34 Patients with 


Number Patients | elevated SGO-T | normal SGO-T 





Human 300 
Dog 


days after the operation when the consistent SGO-T 
rise following transection of the chest musculature 
had subsided.* At that time 30 mg. of morphine sul- 
fate were given subcutaneously, and 20 minutes later 
traction was applied to the ends of the sling for 30 
seconds to 744 minutes to compress the lumen of 
the coronary artery. Continuous electrocardio- 
graphic observations were made during this period. 

Serial venous blood samples and electrocardio- 
grams were obtained during a minimum period of 5 
days. During the first 36 hours blood was drawn 
approximately every 8 hours. Subsequently all ani- 
mals were autopsied and appropriate microscopic 
sections of the myocardium obtained. If no myocar- 
dial lesions were visible grossly, multiple sections 
were obtained from the area supplied by the artery 
that had been temporarily occluded. 

Homogenates of infarcted and normal areas of dog 
heart were prepared in an ice-water bath as soon 
after death of the animal as possible. When tissues 
were not homogenized at once, they were frozen and 
stored in dry ice. Homogenization of saline suspen- 
sions of minced muscle was complete except for very 
small amounts of residual collagen. Calculations of 
glutamic oxaloacetic transaminase (GO-T) content 
were based on the wet weight of the fresh heart 
muscle. The spectrophotometric analysis was per- 
formed in the standard fashion with at least 10 min- 
utes allowed for the blank reaction before the addi- 
tion of a-ketoglutarate. 


Results 


Seventeen dogs were operated upon, 2 
dying postoperatively. In all the remaining 15 
dogs temporary occlusion of the coronary 
artery (fig. 1) produced marked electrocardio- 
graphic abnormalities. The usual rise in the 
serum transaminase following thoracotomy 
was seen in all 15 animals. A second rise in 
SGO-T was seen in 5 of the 15 dogs following 
temporary coronary artery occlusion and 
equivocal changes in a sixth (dog X-333). 
Four of these animals had definite myocardial 
infarction at autopsy, which varied in size 
from less than 1 Gm. to more than 6 Gm., and 
are therefore excluded from table 1. Dog 


Clinical findings 


ESR > 20 mm./min.... 
Normal ESR 
WBC > 10,000/mm.*. 
Normal WBC 
Temperature > 99.8 F.. 
Normal temperature. . . 
Congestive failure... 
No congestive failure. 


No shock..... 





X-333 showed minute foci of subendocardial 
necrosis and equivocal changes in the SGO-T, 
possibly the only animal in this and in the 
previous series in which myocardial necrosis, 
although exceedingly small in amount, did not 
produce diagnostic SGO-T changes; he is 
included in table 1. The sixth animal, X-67, 
showed no gross areas of myocardial infarction 
at autopsy, but the SGO-T rose to 79 units. 
Unfortunately, the microscopic sections of the 
myocardium of this animal were not examined 
and it cannot be stated whether minute areas 
of myocardial necrosis were actually present. 
This dog is therefore listed as a probably false 
positive SGO-T. No myocardial necrosis and 
no rise in SGO-T were observed in the other 9 
dogs. 

Table 2 shows the incidence of increased 
SGO-T activity following acute transmural! 
myocardial infarction in man and following 
myocardial infarction in dog. The marked dif- 
ferences in the incidence of these elevations 
following reversible myocardial ischemia and 
after myocardial infarction may be seen by 
a comparison of tables 1, 2, and 3. 

Figures 2 and 3 show the results of a typical! 
experiment (dog 164). Gradual peaking of the 
T waves and elevation of the ST segments 
followed temporary coronary artery occlusion 
After the release of the traction upon the ends 
of the ties, the ST segments gradually returned 
to the baseline and the peaked T waves then 
resumed their control form. The duration oi 
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Fic. 2. The typical electrocardiographic changes 
n lead V, following temporary myocardial ischemia 
n dog 164 are shown. Peaked T waves 6 seconds after 
‘oronary occlusion were followed by gradually in- 
‘reasing amplitude of the T waves and elevation of 
the ST segment. The electrocardiogram reverted to 
normal within 4 minutes after release of the coronary 
urtery occlusion. 
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Fig. 3. The SGO-T activity following temporary 
myocardial ischemia was unchanged in dog 164, whose 
electrocardiograms are shown in figure 3. Only a mini- 
mal postoperative rise occurred. 


marked electrocardiographic abnormality was 
2 minutes, with return to normal in 4 minutes. 
No significant elevation of the SGO-T was 
seen following this experiment. 

All except 1 animal in this series and in the 
previous study of myocardial infarction showed 
a similar sequence of electrocardiographic 
changes following occlusion of the coronary 
circulation, namely peaking of the T waves 
followed by ST segment elevation and return 
‘o normal if restitution of the circulation was 
prompt. In the 1 exception, ST segment de- 
pression and T wave inversion were produced. 
'n addition, during the period of temporary 
ischemia, many types of cardiac arrhythmias 
developed in these animals including atrial 
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TaBLeE 4.—Concentrations of Glutamic Oxaloacetic 
Transaminase in Myocardium Previously Rendered 
Temporarily Ischemic and in the Normal Myocardium 
of the Same Animal 








Previously 


Dog number ischemic muscle 


— | 
| 


X-333 


Normal muscle 


201 ,000 219 , 290 
185 390,720 | 411,570 
X-158 348,320 | 362, 130 
163 373,220 | 374,930 
164 307 550 298,800 





and ventricular premature contractions, 1 
instance of coupled rhythm due to ventricular 
premature contractions, and 1 instance of 
ventricular tachycardia that ceased abruptly 
upon release of the coronary occlusion long 
before actual myocardial necrosis could have 
been produced. There was no correlation be- 
tween changes in SGO-T activity and the 
arrhythmias in these animals. 

GO-T Content in Normal and Previously 
Ischemic Heart Muscle. Table 4 lists the assay 
of GO-T in the heart muscle of 5 animals in 
whom coronary insufficiency was produced 
successfully. (Dog X-333 is listed although 
microscopic areas of myocardial necrosis were 
present.) There is no significant difference in 
GO-T content in the area of myocardium sup- 
plied by the artery that had been tempo- 
rarily occluded and that taken from an area 
supplied by the other main coronary artery. 
The SGO-T activity had remained relatively 
unchanged following the production of ‘‘cor- 
onary insufficiency” in these animals. 


CLINICAL CORONARY INSUFFICIENCY 
Material and Criteria 


Fifty patients hospitalized with coronary insuffi- 
ciency were studied at the New York Hospital, the 
Memorial Center for Cancer and Allied Diseases, the 
Second (Cornell) Medical Division of Bellevue Hos- 
pital, or the State University of New York Medical 
Center at Syracuse. No patient was included unless 
at least 3 separate serum transaminase determina- 
tions and serial electrocardiograms were obtained 
during the initial acute phase of his illness. 

The criteria for the diagnosis of coronary insuffi- 
ciency were: 1. Status anginosus or constant pre- 
cordial or substernal chest pain of 30 minutes’ 
duration or greater. Patients with obvious non- 
cardiac causes of chest pain such as pneumonia and 
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TABLE 5.—Relationship of SGO-T to Abnormalities 
in White Blood Cell Count, Temperature, and Erythro- 


Number 
patients with 
| abnormalities 


Number 
patients with 
abnormalities 
in at least 34 
WBC, ESR, 


temperature 


Number 

patients patients 

abnormal | in at least 3% normal 

SGO-T WBC, ESR, SGO-T 
temperature 


8 (29%) 


12 6 (50%) 27 


hiatus hernia were excluded. 2. Definite T-wave 
abnormalities on the electrocardiogram. These pa- 
tients frequently showed associated ST segment ab- 
normalities. All patients were excluded whose 
electrocardiograms showed the evolution of recent 
transmural myocardial infarction as proved by the 
development of significant Q waves. Thirteen had 
electrocardiograms showing evidence of old trans- 
mural infarction but developed marked T-wave 
variations during the present attack of chest pain 
without any change in the Q waves. 


Results 


The pertinent clinical and laboratory data for 
50 patients with coronary insufficiency are 
listed in table 3. Valid serial determinations 
of the erythrocyte sedimentation rate, white 
blood cell count, and temperature were not 
available in all patients. In addition, these 
determinations were ignored when influenced 
by extracardiac factors such as pneumonia, 
thrombophlebitis, etc. Sixteen of these 50 
patients demonstrated elevations of SGO-T 
activity at some time during the acute phase 
of their disease. A significant number of 
patients with normal levels showed abnormal- 
ities of the erythrocyte sedimentation rate, 
white blood cell count, or temperature. In 
addition, the SGO-T remained normal in 5 of 
the patients with congestive heart failure and 
in 2 who were in moderate shock when ad- 
mitted to the hospital. Those patients with 
elevated SGO-T activity revealed a somewhat 
higher percentage of laboratory and clinical 
abnormalities except for alterations in the 
white blood count. The white blood count was 
elevated in 5 of 13 patients with abnormal 
SGO-T levels and 14 of 25 with normal SGO-T 
activity. However, a significant number of 
patients who had normal white blood cell 
counts, erythrocyte sedimentation rates, and 
temperature developed elevation of the SGO-T. 


$GO-T UNITS 





12 14 16 
DAY OF PRESENT ILLNESS 


Fic. 4. The average course of the SGO-T in 50 
patients with acute transmural myocardial infare- 
tion (solid black circles) and 50 patients with coro- 
nary insufficiency or status anginosus (solid black 
triangles). Each open circle represents the day and 
the height of the maximum SGO-T activity of each 
of these 50 patients with coronary insufficiency. Only 
16 patients had elevated SGO-T; 8 elevations were 
first seen after the fourth day of illness. 


Table 5 lists those patients in whom valid 
serial determinations were obtained of at least 
2 of the 3 tests (WBC, ESR, and temperature) 
most often utilized in following the course of 
patients of this type. Six of 12 patients with an 
elevated SGO-T and 8 of 27 with normal 
SGO-T activity revealed abnormalities in at 
least 2 of these 3 tests. It is apparent that the 
SGO-T activity did not consistently parallel 
changes in temperature, white blood cell 
count, or erythrocyte sedimentation rate. In 8 
patients the SGO-T did not rise until after the 
fourth day of observation. Figure 5 illustrates 
this phenomenon and contrasts the curves of 
SGO-T activity following coronary insufficiency 
with those noted following transmural myo- 
cardial infarction in 50 patients. Each open 
circle represents the maximum SGO-T value 
for each individual patient with coronary in- 
sufficiency. The solid triangles represent the 
average daily levels in the patients with cor- 
onary insufficiency. The solid circles represent 
the average daily SGO-T activity following 
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UNITS SGO- TRANSAMINASE ACTIVITY 


Fic. 5. Marked fluctuating T-wave abnormalities 
and slightly elevated SGO-T activity in case 1 of 
severe coronary insufficiency that probably resulted 
in myocardial necrosis of minor degree. 


acute transmural myocardial infarction. The 
marked difference in the course of SGO-T 
activity in the 2 conditions is readily apparent. 
The open circles beyond the fourth day of the 
present illness in the abnormal range of SGO-T 
represent the 8 patients with delayed eleva- 
tions of the SGO-T. The preponderance of 
patients with normal serum enzyme activity 
is also obvious. 

Dicumarol was administered to 17 patients in 
this series. The SGO-T was abnormal in 4 
patients before therapeutic levels were reached. 
In 4 other patients slight elevation of SGO-T 
activity was seen after anticoagulation had 
reached a satisfactory level. No information is 
available regarding the course of the SGO-T 
after anticoagulation was discontinued. 

The behavior of the enzyme and its use as a 
diagnostic aid in patients with coronary in- 
sufficiency can best be illustrated by the follow- 
ing representative cases. 


Case Reports 


Case 1 (Fig. 5.) R.H., a 49-year-old man, suffered 
severe squeezing retrosternal pain 3 weeks prior to 
admission to New York Hospital. This pain recurred 
frequently until the evening prior to admission, 
when it became more frequent and severe in inten- 
sity and radiated into the arms. Physical examina- 
tion was negative. The temperature on admission 
was 100.4 F. and it fell to normal in 24 hours. The 
blood pressure was 135/80 and remained unchanged 
during hospitalization. The maximum white blood 
cell count was 12,400 per mm. and the maximum 
-edimentation rate (Wintrobe) 27 mm. /hour. 


Case 2 (Fig. 6.) R.A.H., a 53-year-old male exec- 
itive was admitted to Memorial Hospital after 3 
lays of progressively frequent and severe substernal 
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1G. 6. Normal course of the SGO-T in case 2 de- 
spite marked but reversible electrocardiographie 
abnormalities. 
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pain, worse on reclining, often lasting more than 15 
minutes despite the frequent use of nitroglycerin. 
Except for an apical systolic murmur of grade II 
intensity, the physical examination was essentially 
negative. The blood pressure on admission was 160/ 
110 and it fell to 130/90 during the first hospital 
day. The temperature remained normal. The maxi- 
mum white blood cell count was 8,000 per mm.’ and 
the maximum erythrocyte sedimentation rate (Win- 
trobe) 16 mm. /hour. 


The T-wave abnormalities were similar in 
both patients, but completely reverted to 
normal in case 2 after 3 months. Since Q waves 
did not develop in either patient, the only 
diagnosis that could be supported electro- 
cardiographically was that of myocardial 
ischemia. The increase of SGO-T activity to 56 
units in case 1 suggested that a small amount of 
myocardial necrosis had taken place. Although 
the temperature, erythrocyte sedimentation 
rate, and the white blood cell count were in- 
creased in this patient, these abnormalities 
have been found in other similar patients 
without a concomitant rise of the transaminase. 


EXPERIMENTAL PERICARDITIS 
Method 


Pericarditis was produced experimentally in dogs 
by a modification of the 2-stage procedure used in 
producing coronary insufficiency. A length of poly- 
ethylene tubing was sutured into the pericardial 
cavity, brought to the exterior, and buried subcu- 
taneously after closure of the chest. Ten to 14 days 
later, approximately 5 Gm. of ordinary talcum 
powder (magnesium silicate) were suspended in sa- 
line and injected through the tubing into the peri- 
cardial cavity. Serial determinations of the serum 
transaminase were obtained postoperatively and 
after injection of the talcum. Electrocardiograms 
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were recorded periodically. All of the animals were 
autopsied and the organs examined microscopically. 


Results 


The course of the SGO-T after the produc- 
tion of pericarditis was studied in 7 dogs and 
was elevated in 4 of these animals. In these 4 
animals moderate to extensive subepicardial 
myocardial necrosis was demonstrated micro- 
scopically. In the other 3 animals no myo- 
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* Fic. 7. Minimal elevations of the SGO-T activity 

in case 3 of severe pericarditis complicating infectious 

mononucleosis. 


cardial necrosis was demonstrated in 2 and was 
quite minimal in the third. A foreign-body 
granulomatous inflammatory process was pre- 
sent in the pericardium and epicardium of all 
animals. 


CLINICAL PERICARDITIS 
Material and Criteria 


The SGO-T activity of 11 patients with pericar- 
ditis was measured daily for 3 to 30 days. The 
diagnosis of pericarditis was established by the pres- 
ence of a typical friction rub in 10 patients. The 
eleventh patient, S.E., is described in detail below 
(ease 3, figs. 7 and 8). The etiology of the pericar- 
ditis was idiopathic in 3 instances and secondary to 
the following diseases in the remainder: uremia, 3; 
Hodgkin’s disease, 2; myelogenous leukemia, 1; 
lupus erythematosus, 1; and infectious mononu- 
cleosis, 1. 


Results 


Of the 11 patients studied in whom un- 
equivocal evidence of pericarditis was present 
2 showed minor serum transaminase eleva 


Fic. 8. Electrocardiographic changes of pericarditis in case 3. Note ST elevation on 1/25/55, 


the inverted T waves on 1/27/55, and the return of the electrocardiogram to normal on 3/23/55 after 
the patient’s recovery. 














tions. In 1 of these patients, S.E., (case 3) 
lefinite liver function abnormalities were also 
present, although of minor degree. The other 
patient had advanced myelogenous leukemia 
vith marked hepatomegaly and splenomegaly. 
Liver dysfunction or actual invasion of the 
myocardium by leukemic cells may have con- 
ributed to the increased SGO-T activity 
present in this patient. The remaining 9 
patients showed no alterations in SGO-T 
ictivity during the acute phases of their 
diseases. 


Case Reports 


Case 3. Pericarditis Due to Infectious Mononucle- 
osis. (figs. 7 and 8.) S8.E., a 26-year-old man, was 
wwakened at 3 a.m., by crushing substernal pain 
radiating down the inner aspect of the left arm to 
the elbow. The pain lessened during the next 8 hours 
but he was admitted to the New York Hospital be- 
cause of an abnormal electrocardiogram (fig. 8). 
After close questioning he recalled that he had been 
somewhat fatigued and suffered vague myalgia 1 
week prior to admission and felt somewhat chilly 
with the onset of this chest pain. The patient’s 
father, uncle, and 4 grandparents all died following 
myocardial infarction. 

Examination revealed a temperature of 100.4 F., 
a blood pressure of 110/80, and a pulse of 90 per 
minute. The physical examination was completely 
negative including that of the heart. No pericardial 
friction rub was heard at any time during the hos- 
pitalization. On the fourth hospital day, generalized 
lymphadenopathy and a slightly injected pharynx 
appeared but otherwise the general physical exami- 
nation remained within normal limits. 

The laboratory examination was normal on ad- 
mission but on the third hospital day 70 per cent of 
the white blood cells were noted to be lymphocytes, 
75 per cent of which were of the Downey type. 
These cells were considered to be compatible with 
infectious mononucleosis and persisted for at least 
the following month. The heterophile agglutination 
titer rose to a peak of 1:3,584 during the second 
hospital week. Differential absorption of the hetero- 
phile agglutination was diagnostic of infectious 
mononucleosis. There were minor abnormalities of 
‘he liver function tests. 

The minor elevations in SGO-T are shown in fig- 
ure 7. The electrocardiograms are shown in figure 8. 
The evolution of the electrocardiogram is considered 
io be diagnostic of pericarditis. 


Despite the marked current of injury 
pattern on the electrocardiogram, there were 


mly minor abnormalities of the serum 
ransaminase. It is possible that the minor 
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increase in transaminase activity was the 
result of liver damage commonly seen during 
the course of infectious mononucleosis. A 
markedly elevated SGO-T would have been 
expected if sufficient myocardial necrosis were 
present to cause such extensive electrocardio- 
graphic abnormalities. That the relatively 
normal SGO-T on admission ruled out sig- 
nificant myocardial necrosis was confirmed by 
the clinical course of the patient. 


XPERIMENTAL PULMONARY INFARCTION 


No studies on experimental pulmonary 
infarction were performed in our laboratory 
but Agress and associates!® have reported that 
only minor transaminase variations are noted 
following experimental pulmonary infarction 
in dogs. 


CLINICAL PULMONARY INFARCTION 
Material and Method 


Seven patients with pulmonary infacrction were 
studied. The criteria utilized in establishing the di- 
agnosis were, (1) chest pain, hemoptysis, or sudden 
respiratory distress in a patient with evidence of 
peripheral phlebitis or atrial fibrillation, (2) x-ray 
shadows compatible with this diagnosis, (3) rapidly 
fluctuating electrocardiographic signs of prominent 
$1, Q3, and diphasiec or inverted TV, », 3. Only 2 pa- 
tients showed these electrocardiographic changes. 


Results 


In the 7 patients with pulmonary infarction, 
the highest transaminase recorded was 50 
units although large areas of pulmonary in- 
farction were present in 3 of these patients. 


Discussion 


Acute myocardial ischemia of 1 to 150 
minutes produced by compression of the 
coronary artery of the dog was followed by the 
prompt appearance of characteristic ST seg- 
ment and T-wave changes that usually dis- 
appeared within 5 minutes after restoration of 
coronary blood flow in the animals that did not 
exhibit postmortem evidence of myocardial 
necrosis. The SGO-T, however, did not rise 
significantly unless concomitant heart muscle 
cell necrosis was found at autopsy (table 2). 
The GO-T content of the area of heart muscle 
rendered ischemic was the same as that of the 
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nonischemic areas (table 4). In previous 
experiments' a progressive diminution in 
30-T concentration was found in infarcted 
myocardium associated with rises in serum 
activity of the enzyme. 

These experimental data support the in- 
terpretation of the significance of the SGO-T 
alterations during and following prolonged 
coronary insufficiency in man. The fact that 34 
of 50 patients with coronary insufficiency had 
normal levels of SGO-T, despite prolonged 
substernal chest pain associated with ST 
segment and T-wave changes, is strong pre- 
sumptive evidence that irreversible muscle 
damage did not occur or was of small degree 
and probably of questionable clinical sig- 
nificance. The occurrence of elevations of the 
white blood count and erythrocyte sedimenta- 
tion rate in 14 of these patients and of tem- 
perature elevation in 5, of congestive failure in 
5, and of shock in 2 patients, casts some doubt 
upon the reliability of these extracardiac 
findings so commonly used to substantiate the 
presence of acute myocardial infarction. A 
more consistent relationship between SGO-T 
elevations and temperature, white blood cell 
count, and sedimentation rate was noted if 2 
of the latter 3 determinations were also ab- 
normal. Furthermore, the finding of per- 
sistently normal SGO-T levels in patients with 
status anginosus exhibiting equivocal electro- 
cardiographic changes permitted much earlier 
ambulation and shortened their hospitalization. 
The use of anticoagulants was not uncommonly 
followed by significantly less angina. Some of 
the 16 patients with comparable clinical find- 
ings but elevated SGO-T activity were treated 
as having sustained an acute myocardial 
infarction. 

The delayed rise of SGO-T activity in 8 of 
the 16 patients, first appearing on the fourth 
to twenty-first day of hospitalization, is of 
considerable interest and lends support to the 
concept of a preinfarction clinical syndrome, 
although there was nothing in the clinical 
picture of these patients to distinguish them 
from the other patients with coronary insuf- 
ficiency. We have made it our policy to ad- 
minister anticoagulants to all patients with 


persistent and frequently recurring coronary 
insufficiency. 

The number of patients studied is too small 
to permit any positive statements, but it is 
strongly suggested that the SGO-T activity 
may be a useful method in detecting the 
presence of myocardial infarction in the 
patient with angina pectoris or coronary 
insufficiency and equivocal electrocardiographic 
changes. This laboratory test is similarly 
helpful when left bundle-branch block, per- 
icarditis, or pulmonary infarction make de- 
finitive electrocardiographic interpretation dif- 
ficult. 

In all except 1 of over 20 experiments in 
which a major coronary vessel was either 
permanently* or temporarily occluded through 
an intact chest wall, a characteristic sequence 
of electrocardiographic changes was seen, both 
in the precordial leads and an appropriate 
bipolar limb lead. Peaking of the T wave 
followed by increased amplitude of the T 
wave was first noted, followed by gradual 
elevation of the ST segment often resulting 
in a monophasic configuration of the QRS-T 
complex unless the coronary circulation was 
re-established. Upon restoration of the cor- 
onary circulation, the ST segment and T 
waves usually returned to the baseline form 
promptly if irreversible myocardial damage had 
not been produced. It was only after a longer 
period of coronary occlusion sufficient to cause 
irreversible myocardial damage that the 
pattern of an elevated ST segment and an 
inverted T wave was seen. 

These electrocardiographic changes, pre- 
sumably the result of partial loss of the 
normal polarizing effect of the myocardial cell 
membrane with transudation of electrolytes 
into the extracellular space, were not associ- 
ated with a simultaneous elevation of the 
serum concentration of transaminase. This 
observation supports the concept that more 
severe and prolonged cellular injury is neces- 
sary to elevate the SGO-T than is sufficient to 
cause reversible electrocardiographic changes. 
Whether the larger molecular size of the 
enzyme is a determining factor in this dis- 
sociation between electrocardiographic changes 
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and changes in serum concentration of trans- 
aminase is a matter of speculation at present. 

Experimental pulmonary infarction failed to 
cause consistent or marked deviations of 
SGO-T activity." Six of 7 patients with 
clearcut evidence of pulmonary infarction had 
SGO-T levels well within normal limits and in 
the seventh the peak value was only 50 units. 
These data suggest that acute myocardial 
infarction can be differentiated from pulmonary 
infarction by means of serial SGO-T determi- 
nations. More patients need to be studied to 
substantiate this impression. 

Extensive pericarditis resulting from the 
instillation of talcum into the pericardial sac 
was followed by SGO-T elevation only when 
microscopic evidence of subepicardial damage 
was present. The SGO-T activity in clinical 
pericarditis of varied etiology in 11 patients 
was normal throughout the study in 9 instances 
and only slightly elevated in 2 patients. These 
data indicate that acute myocardial infarction 
can usually be distinguished from pericarditis, 
since in the former the SGO-T activity usually 
rises to higher levels and the characteristic 
rise and fall within 3 to 7 days is completely 
unlike the low peak and intermittent eleva- 
tions of the SGO-T activity seen in 2 patients 
during the course of acute pericarditis. 

The importance of accurate technic, measure- 
ment of enzyme activity at 23 C., and analysis 
within 4 days of drawing the blood cannot be 
overemphasized. Serum should be promptly 
separated from the red blood cells and stored 
at. refrigerator temperatures. When the SGO-T 
activity is being used to diagnose or exclude 
acute myocardial infarction blood must be 
drawn within 3 days following infarction if the 
SGO-T activity -is to be relied upon as a 
diagnostic aid. 


SUMMARY 


The serum activity of the enzyme, glutamic- 
oxaloacetic transaminase, was not increased 
following experimental myocardial ischemia in 
dogs unless myocardial necrosis was found at 
autopsy. The SGO-T activity remained within 
normal limits in 34 of 50 patients with status 
anginosus or severe coronary insufficiency 
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accompanied by ST segment and T-wave 
abnormalities. The SGO-T activity appears to 
be useful in establishing the presence or 
absence of myocardial necrosis in patients with 
severe recurrent substernal pain. 

The SGO-T activity was within normal 
limits in experimental pericarditis unless 
subepicardial necrosis was found at autopsy 
and the SGO-T activity remained within 
normal limits in 9 of 11 patients with acute 
pericarditis of various etiologies. In 2 patients 
brief and insignificant elevations (maximum 56 
units) occurred. 

In 6 of 7 patients with pulmonary infarction 
no alterations in transaminase levels were 
found. An insignificant rise was seen in the 
seventh patient. 

The SGO-T activity appears to be useful in 
determining the presence or absence of acute 
myocardial damage following acute myocardial 
infarction, coronary insufficiency and_peri- 
carditis. It can be a valuable aid in the dif- 
ferential diagnosis of chest pain. 
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SUMMARIO IN INTERLINGUA 


Le activitate seral del enzyma ‘transaminase 
glutamic-oxalacetic’ non esseva augmentate in 
canes con experimental ischemia myocardial 
excepte in le casos in que le autopsia revelava 
le presentia de necrosis myocardial. 

Le activitate seral de transaminase glutamic- 
oxalacetic remaneva intra limites normal in 34 
ex 50 patientes con stato anginose o sever in- 
sufficientia coronari accompaniate per anor- 
malitates del segmento ST e del unda T. Le 
activitate del enzyma pareva utile in establir 
le presentia o absentia de necrosis myocardial 
in patientes con sever e recurrente dolores 
substernal. 

Le activitate del enzyma esseva intra limites 
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normal in pericarditis experimental, excepte in 
casos in que le autopsia revelava le presentia de 
necrosis subepicardial. 

Le activitate del enzyma remaneva intra 
limites normal in 9 ex 11 patientes con peri- 
carditis acute de varie etiologias. In 2 patientes, 
breve e non-significative elevationes (56 unita- 
tes como maximo) esseva notate. 

In 6 ex 7 patientes con infarcimento pulmo- 
nar nulle alterationes in le nivello del trans- 
aminase esseva constatate. Un elevation non- 
significative occurreva in le septime patiente 
de iste serie. 

Le activitate de] enzyma es apparentemente 
utile pro determinar le presentia o absentia de 
acute lesiones myocardial post acute infarci- 
mento myocardial, insufficientia coronari, e 
pericarditis. Illo pote esser un adjuta preciose 
in le diagnose differential de dolores del thorace. 
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Helmholtz, for instance, the great German physicist, speaking in 1891 at a banquet on his 


seventieth birthday, described the way in which his most important new thoughts had come to 
him. He said that after previous investigation of the problem ‘“‘in all directions . . . happy ideas 
come unexpectedly without effort, like an inspiration. So far as I am concerned, they have never 
come to me when my mind was fatigued, or when I was at my working table. ...They came 
particularly readily during the slow ascent of wooded hills on a sunny day.” 

Helmholtz here gives us three stages in the formation of a new thought. The first in time I 
shall call Preparation, the stage during which the problem was “investigated . . . in all directions”; 
the second is the stage during which he was not consciously thinking about the problem, which I 
shall call Incubation; the third, consisting of the appearance of the “happy idea” together with 
the psychologic events which immediately preceded and accompanied that appearance, I shall call 
Illumination. And I shall add a fourth stage, of Verification, which Helmholtz does not here 
mention.—GRAHAM WALLAS, 1858-1932. 
























Ventricular Dynamics in Atrial Fibrillation 


By Haroip T. Dongs, M.D., Freperic T. Kirrxuam, Jr., M.D., AnD Ciara V. Kine 


During atrial fibrillation there are beat-to-beat changes of ventricular rate, end-diastolic volume, 


end-diastolic pressure, and arterial pressure or resistance to ventricular ejection. The effect of these 
variables on left ventricular dynamics in man has been approached by studying single sequences of 
beats in patients with atrial fibrillation. An index of changes of left ventricular volume has been 
determined from the electrokymogram of left cardiac border. Left ventricular pressures have been 
measured at surgery or by the transbronchial technic. These studies provide a better understanding 
of the hemodynamics of the left ventricle during atrial fibrillation and demonstrate another ap- 


ROM a hemodynamic point of view atrial 
fibrillation is characterized by 2 abnormali- 
ties, the fibrillating, ineffectively contracting 
atria and the irregularly contracting ventricles. 
A number of studies have been reported de- 
scribing the effects of atrial fibrillation on 
cardiac output,!-"* venous pressure,®: !3-!6 circu- 
lation time,®: !* 17: 18 vital capacity,®: 1%: 1° heart 
size,® 8-16.19 arterial pressure,®: 4: 2° 2! and 
coronary flow.’: 2! In general, these studies have 
indicated a decreased ability of the heart to 
function effectively as a pump when atrial 
fibrillation is present. To what extent this is 
due to the lack of normal atrial contraction and 
to what extent due to the irregular ventricular 
rhythm is not clear from studies to date. It has 
been shown that when the ventricular rate is 
rapid the phenomenon of pulse deficit is more 
marked and that the mean cardiac output is 
diminished.® ° Since digitalis was used to slow 
the ventricular rates in these studies, it is diffi- 
cult to be certain that the observed effects are 
due to the changes in ventricular rate and not 
to the positive inotropic effect of digitalis. 
This is a study of one of the abnormalities of 
atrial fibrillation, ventricular function under 
the conditions of the irregular ventricular 
rhythm as seen in this arrhythmia. The ap- 
proach has been to evaluate ventricular func- 
tion in terms of single beats. Studies by others 
have demonstrated that the beat-to-beat varia- 
tions of arterial pressure, duration of ventricu- 
lar systole, and rate of ventricular ejection, 
although related to the length of the preceding 


From the Clinic of General Medicine and Experi- 
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proach to the study of left ventricular function in man. 





R-R interval and duration of ventricular 
diastole, show considerable beat-to-beat varia- 
tion for any given R-R interval or period of 
diastole within a single sequence of beats.!*: 22-26 
A number of mechanisms have been suggested 
to explain why variations in the duration of 
just the preceding R-R interval or period of 
ventricular diastole do not adequately explain 
the beat-to-beat hemodynamic variations in 
this arrhythmia. Einthoven and Korteweg” 
observed that the amplitude of a beat was de- 
termined not only by the preceding R-R 
interval, but also by the amplitude of the pre- 
ceding beat. Lewis, using the cardiometer in 
experimental animals with atrial fibrillation, 
showed that the variations of ventricular end- 
diastolic volume were not determined solely by 
the variations of the immediately preceding 
R-R interval. Wiggers” in studies of left ven- 
tricular pressures in experimental animals with 
this arrhythmia has shown that the rate of 
ejection and the ejection period do not depend 
on initial tension, or ventricular end-diastolic 
pressure, as in the heart with normal rhythm. 

As a consequence of the ventricular ar- 
rhythmia of atrial fibrillation, there are beat- 
to-beat variations of ventricular rate, volume 
of ventricular filling and ejection, and arterial 
pressure or resistance to ventricular ejection. 
The influence of these variables on beat-to-beat 
ventricular function has been studied. The 
study forms a basis for a better understanding 
of the arterial pressure variations as observed 
in this arrhythmia. In addition, such studies 
make it possible to utilize the beat-to-beat 
changes of ventricular end-diastolic volume and 
resistance to ejection secondary to an ar- 
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rhythmia as another approach to the study of 
ventricular function in man. 


MeTHODS 


Studies have been performed on a total of 25 
patients with atrial fibrillation, both with and with- 
out heart failure. The majority of patients had 
rheumatic heart disease with mitral stenosis and 
some had mitral insufficiency as well. One patient 
had myocarditis and severe left ventricular failure. 
Another had atrial fibrillation of undetermined 
etiology without other evidence of heart disease. 
Some subjects were and some were not receiving 
digitalis at the time of these studies. 

Observations were recorded on a Sanborn Poly- 
viso direct-writing, 4-channel recorder. The observa- 
tions included left heart border electrokymograms 
(EKY), carotid pulse, arterial pressure, and heart 
sounds. Durations of systole and diastole were de- 
termined from the heart sound recordings. Arterial 
pressures were measured directly from a brachial 
artery through a no. 18 arterial needle connected to 
strain gage (Statham P-23-A). Carotid pulses were 
recorded by means of a cup placed over a carotid 
artery as described by Henny, Boone, and Chamber- 
lain,?® but modified for the direct-writing instrument 
by connecting the carotid cup to a crystal pickup. 
The carotid pulse recording was used for purposes of 
timing the EKY. 

An index of changes in left ventricular volume was 
determined from the left heart border EKY in 6 
patients. Studies on 4 patients were performed with 
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Fic. 1. An example of data recorded. On the elec- 
trokymographic record an arbitrary baseline is 
drawn. The beat-to-beat variation in amplitude of 
the ventricular electrokymographic excursion above 
or below this baseline during end-diastole and end- 
systole is used as an index of the beat to beat changes 
of left ventricular end-diastolic and end-systolic vol- 
umes. Amplitudes are expressed as mm. of deflection. 


an EKY that was a resistor-condensor coupling net- 
work with an approximately 1l-second time con- 
stant.** In all currently available EKY units, the 
curves are modified by the decay characteristics of 
the unit, particularly when the heart rate is slow. 
Because of this difficulty a new type of direct- 
coupled EKY that does not have these decay prob- 
lems was developed by Boone and his associates.?® 
Studies on 2 patients with atrial fibrillation were per- 
formed with this unit. The results with these 2 types 
were qualitatively similar for the purposes of this 
study. 

The resemblance of the ventricular border EKY 
curves to ventricular volume curves obtained on 
experimental animals has been noted by others.*°-® 
However, it is well recognized that the ventricular 
EKY is influenced not only by changes in ventricu- 
lar volume, but also by shifts in heart position and 
changes in the shape of the heart.*°-*> Ring and 
associates*-*> have used the EKY as a densogram to 
quantitate heart volume changes in experimental 
animals and man and have noted that the human 
heart has much smaller positional changes than the 
‘anine heart. In this present study EKY’s were re- 
corded from the left heart border and hence record 
border excursion rather than changes in density as 
in previous studies because patients with cardiac en- 
largement show such small changes of ventricular 
density during the cardiac cycle that the EKY 
requires additional amplification, which introduces 
serious technical problems, and because many of the 
patients had an enlarged left atrium that was 
superimposed on the left ventricle in the A-P pro- 
jection, hence introducing an error in the ventricular 
densograms. The EKY curves in these studies were 
not used to determine absolute volumes, but to 
determine a relative index of ventricular volume 
change. 

EKY’s were recorded from the left heart border 
with the patient facing directly anterior and tilted 
head-up 45° to 60°. The left heart border was ex- 
plored by the EKY to find an area that showed little 
or no inward or outward motion during isometric 
contraction or isometric relaxation, as such ex- 
cursions are a result of changes of heart shape or 
position and do not reflect volume changes.®® Such 
an area was usually found in the region of the mid 
left heart border. In a few patients, especially those 
with marked cardiac enlargement, no area could be 
discovered that showed little or no inward or out- 
ward motion during isometric contraction or relax- 
ation. Curves from such patients and curves showing 
paradoxical motion were not suitable for the type of 
analysis used in this study. The patients suspended 
respirations during the recording period. EKY 
curves that satisfied these criteria were used to 
indicate the beat-to-beat changes in left ventricular 
end-diastolic and end-systolic volumes. An arbi- 
trary baseline was selected, and the beat-to-beat 
variations of end-diastolic and end-systolic volume 
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were expressed in terms of arbitrary units above or 
below the baseline (fig. 1). 

To test to what extent these changes in the 
EKY excursions reflect changes in left ventricular 
volume, an independent method for measuring ven- 
tricular volume is necessary. Such is not available in 
man or even in the experimental animal. However, 
there is an indirect way to test the validity of the 
method: other workers have demonstrated that 
there is a relation between stroke volume and pulse 
pressure.*-88 This relationship is also influenced by 
the distensibility of the components of the arterial 
tree and the volume of the arterial tree.” However, 
these other factors influencing the relationship be- 
tween pulse pressure and stroke volume probably 
become less important under the conditions of this 
study where observations are limited to single 
sequences of beats and where, in the majority of 
cases, the arterial diastolic pressure variations did 
not exceed 10 to 15 mm. Hg. Accordingly, the beat- 
to-beat arterial pulse pressure changes have been 
considered to reflect stroke volume changes. If the 
systolic EKY excursions are related to stroke 
volume, there should be a relation between the 
amplitude of these excursions and the variations of 
arterial pulse pressure. In the EKY curves that 
satisfied the previous criteria, the variations in 
amplitude of the systolic EKY excursions prove to 
have a linear relation to the arterial pulse pressure 
variations as can be seen in figure 2. It was then 
concluded that in these records the beat-to-beat 
variations of the EKY excursions have a quantita- 
tive relation to beat-to-beat variations of left 
ventricular end-diastolic volume, end-systolic vol- 
ume, and stroke volume. No attempt has been made 
to quantitate the data in terms of absolute volumes 
or absolute volume changes. 

Pressure work per beat or stroke work was calcu- 
lated in the following manner. Stroke work is the 
product of the stroke volume and mean arterial pres- 
sure during ventricular ejection. The beat-to-beat 
changes of systolic EKY excursions were used as 
quantitative indices of stroke volume changes. Mean 
arterial pressures during ventricular ejection were 
calculated from the brachial artery pressure curves. 
Stroke work is then a relative value and equal to 
the product of the systolic EKY excursion and the 
mean arterial pressure during ventricular ejection. 
Analyses were made from observations on single se- 
quences of beats. It is not possible to compare 
separate observations on the same subject or differ- 
ent subjects by this method. 

Left ventricular pressures were obtained through 
the cooperation of Dr. A. G. Morrow in 1 of 2 ways, 
directly from the left ventricle at surgery by means 
of a needle connection to a strain gage (Statham 
P-23-A) through a length of rigid plastic catheter 
ind recorded directly on a Sanborn Polyviso direct- 
writing recorder (this system has a damping ratio of 
).3 and is flat to within 10 per cent at 3 ¢.p.s.), and 


by a polythene catheter inserted into the left ven- 
tricle by the bronchoscopic technic with pressures 
recorded by means of a strain gage (Statham P-23- 
D) connected to a direct-writing Sanborn Polyviso 
recorder.® (This system has a resonant peak at 17 
c.p.s. and is flat to within 10 per cent at 8 c.p.s.) 
The frequency response characteristics of both these 
recording systems is not of a high order. Accord- 
ingly, the results of this portion of the study were 
confirmed in a limited number of observations in 
which left ventricular pressures were measured with 
a no. 18 thin-walled needle connected directly to a 
Statham P-23-D strain gage. This recording system 
has a flat frequency response to 60 c.p.s.” 


RESULTS 
Arterial Pressure 


One of the features of atrial fibrillation is the 
irregular ventricular rhythm, which is associ- 
ated with irregularity of both rate and ampli- 
tude of the arterial pulse. The relation of the 
beat-to-beat variations of arterial pulse pres- 
sure and systolic pressure to the variations in 
the duration of the immediately preceding R-R 
interval has been determined in 10 cases. In 
each case 50 to 100 successive beats were 
analyzed and plotted as in figure 3. As can be 
seen in the figure, the amplitude of both pulse 
pressure and systolic pressure bears a direct 
relation to the duration of the preceding R-R 
interval. However, there is a wide scatter of 
both for a given R-R interval. This scatter is 
most marked in the range of the shorter R-R 
intervals, in particular shorter than 0.4 to 0.6 
second, and was found whether or not the pa- 
tient had evidence of heart disease other than 
atrial fibrillation. 


One of the factors accounting for the varying 


o-' es : 
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Fig. 2. Systolic electrokymographic excursions 
(ordinate) related to brachial artery systolic pulse 
pressures (abscissa) during a single sequence of beats. 





VENTRICULAR DYNAMICS IN ATRIAL FIBRILLATION 


it eee Maile 


ARTERIAL PULSE PRESSURE - MM Hg 
8 


@ PRECEDING PULSE PRESSURE OVER 59 MM 
a 7 = * 30-59 MM 
- UNDER 30 MM 


ARTERIAL SYSTOLIC PRESSURE 


20 40 50 60 70 20 
PRECEDING RR INTERVAL - SEC. 


Fig. 3. Brachial arterial systolic pulse pressure and 
systolic pressure related to the duration of the imme- 
diately preceding R-R interval. For each point the 
arterial pulse pressure of the immediately preceding 
beat is indicated by a symbol. 


amplitude of pulse pressure or systolic pressure 
for a given R-R interval is the nature of the 
preceding beat. This is also illustrated in figure 
3 where for each point the pulse pressure ampli- 
tude of the preceding beat is indicated by a 
symbol. It was found that for a given R-R 
interval, the amplitude of both pulse pressure 
and systolic pressure was inversely related to 
the amplitude of pulse pressure of the pre- 
ceding beat, as has been noted previously by 
both Einthoven and Lewis."*: 2 

In 5 subjects left ventricular pressures were 
determined either by catheterizing the left 
ventricle by the bronchoscopic technic or with 
a needle inserted directly into the left ventricle 
at surgery. The left ventricular systolic pres- 
sures showed considerable beat-to-beat varia- 
tion for a given R-R interval similar to that 
observed in the brachial arterial pressures. In 
1 subject simultaneous aortic and left intra- 
ventricular pressures were recorded. Left ven- 
tricular systolic pressure for a given R-R 
interval was shown to be inversely related to 


the pulse pressure of the immediately preceding 
beat as measured in the aorta. From these 2 
types of studies it is concluded that the pe- 
ripheral arterial pressures as recorded in the 
brachial artery reflect the central pressure 
variations. In summary, the beat-to-beat arte- 
rial systolic pressure and pulse pressure varia- 
tions in atrial fibrillation not only bear a direct 
relation to duration of the preceding R-R inter- 
val, but also an inverse relation to the pulse 
pressure of the preceding beat. The role of the 
preceding beat in determining the arterial pres- 
sure variations for a given R-R interval is 
clarified by the study of ventricular dynamics 
in this arrhythmia. 


Ventricular Dynamics 


Ventricular dynamics in atrial fibrillation 
have been studied by determining the beat-to- 
beat variations of the durations of systole and 
diastole, left ventricular end-diastolic volume, 
end-systolic volume, and stroke volume, and 
left ventricular systolic and end-diastolic pres- 
sures. 

Durations of Systole and Diastole. One of the 
mechanisms by which the preceding beat could 
influence arterial pressure for a given R-R inter- 
val is through its effect on the duration of 
ventricular diastole or the ventricular filling 
period. It has been shown by Katz and Feil,” 
and confirmed in this study, that there are 
beat-to-beat changes in the duration of ven- 
tricular systole in this arrhythmia. This is illus- 
trated in figure 4, where it can be seen that the 
beats with the larger arterial pulse pressures 
have systoles of longer duration than do those 
beats with the smaller arterial pulse pressures. 
Because of this, beats with the same R-R 
interval may have varying periods of diastole 
depending on the duration of systole of the 
immediately preceding beat, and the R-R 
interval changes do not accurately reflect the 
variations in the duration of ventricular 
diastole. For the same R-R interval, the dura- 
tion of diastole will be shorter if the immedi- 
ately preceding beat has a large pulse pressure. 
In 6 subjects the beat-to-beat arterial pulse 
pressure and arterial systolic pressure were 
plotted against the duration of the immediately 
preceding diastole as determined from simulta- 
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Fic. 4. Duration of ventricular systole (abscissa) 
is determined from heart sounds related to the ar- 
ierial systolic pulse pressure (ordinate). 


neously recorded heart sounds. In each case a 
series of more than 50 consecutive beats was 
studied. As can be seen in figure 5, the results 
were similar to those in which the R-R intervals 
were plotted against arterial pressure. The 
beat-to-beat arterial pressure variations still 
bear a direct relation to the duration of the 
preceding diastole and an inverse relation to 
the pulse pressure amplitude of the preceding 
beat. It was concluded that the preceding beat 
has an effect in addition to its effect on the 
duration of diastole. Further clarification of the 
mechanism whereby the preceding beat influ- 
ences the arterial pressure variations for a 
given R-R interval depends upon an examina- 
tion of the ventricular volume changes in this 
arrhythmia. 

Ventricular “Volume” Studies. Left heart 
border electrokymogram curves that were suit- 
able for the type of analysis used in these 
studies were obtained from 6 subjects: 2 with 
mitral stenosis, 2 with postoperative mitral 
stenosis, 1 with mitral insufficiency, and 1 with 
itrial fibrillation without other evidence of 
heart disease. The results were qualitatively 
similar regardless of the underlying heart dis- 
ease. The limitations of the methods do not 
permit quantitative comparison of results in 
these groups of patients. 

An example of the type of data recorded is 
illustrated in figure 1, where the striking 
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Fig. 5. Brachial arterial pulse pressure and sys- 
tolic pressure related to the duration of the imme- 
diately preceding diastole determined from heart 
sounds. For each point the arterial pulse pressure of 
the immediately preceding beat is indicated by a 
symbol. 


beat-to-beat variation in the amplitude of the 
ventricular excursions in atrial fibrillation can 
be seen. The variations in amplitude of these 
excursions were used to indicate the beat-to- 
beat changes of left ventricular end-diastolic 
volume, end-systolic volume, and stroke vol- 
ume as described earlier. Those beats with the 
larger arterial pulse pressures arose from the 
larger left ventricular end-diastolic volumes. 
The ineffective or small pulse pressure beats 
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Fic. 6. Ventricular, end-diastolic ‘‘volume’’ (or- 
dinate) related to brachial arterial systolic pulse 
pressure (abscissa). 


arose from the smaller left ventricular end- 
diastolic volumes. This relation can be seen in 
figure 6, where the arterial pressure changes are 
related to changes of left ventricular end- 
diastolic volume. In addition, the left ventricle 
does not empty to the same degree with each 
beat in atrial fibrillation. Indeed, the beat-to- 
beat variations of ventricular end-systolic 
volume may be as marked as the variations of 
ventricular end-diastolic volume. Those beats 
having larger end-diastolic volumes have larger 
stroke volumes and more complete ejection 
than in the case of beats with the smaller end- 
diastolic volumes. This can be seen in the 
electrokymograph curve illustrated in figure 1. 

These beat-to-beat variations of ventricular 
end-systolic volume become important in a 
consideration of the factors that determine the 
beat-to-beat variations of ventricular end- 
diastolic volume. The ventricular end-diastolic 
volume of any 1 beat is a function of the volume 
of ventricular inflow during diastole and the 
ventricular volume from which filling was 
initiated, which of course is the end-systolic 
volume of the preceding beat. The relative 
volume of ventricular inflow during diastole is 
to a large extent determined by the duration 
of diastole. As was shown earlier, the duration 
of diastole is a function of both the duration 
of the R-R interval and the duration of systole 
of the immediately preceding beat. As a result 
of the beat-to-beat variations of ventricular 
end-systolic volume in this arrhythmia, ven- 
tricular filling is initiated at varying ventricular 


Fig. 7. Ventricular end-diastolic volume (ordinate 
related to the duration of the R-R interval (abscissa). 
A wide scatter can be seen, particularly when the R-R 
intervals are short. 


volumes. Consequently, the ventricular end- 
diastolic volume shows considerable beat-to- 
beat variation for a given volume of ven- 
tricular inflow. Because of these considerations 
there may be wide variations of ventricular 
end-diastolic volume for a given R-R interval 
within a single sequence of beats in this ar- 
rhythmia. This can be seen in figure 7 where the 
beat-to-beat changes of ventricular end- 
diastolic volume are plotted against the dura- 
tion of the immediately preceding R-R interval. 

This analysis of factors that control the 
beat-to-beat variations of ventricular end- 
diastolic volume helps to explain the inverse 
effect of pulse pressure amplitude of the im- 
mediately preceding beat on the beat-to-beat 
arterial pressure changes in this arrhythmia. 
It was shown that the arterial pressure changes 
are closely related to the changes of ventricular 
end-diastolic volume. When the preceding beat 
generates a large pulse pressure, it is a beat 
initiated from a relatively large ventricular 
end-diastolic volume, has more complete emp- 
tying or a smaller ventricular end-systolic 
volume, and has a longer duration of systole. 
Following these beats ventricular filling is 
initiated at relatively smaller ventricular 
volumes. The longer duration of systole of 
these large beats relatively shortens the dura- 
tion of ventricular filling for any given R-R 
interval. As a result of these factors ven- 
tricular end-diastolic volume for a given R-R 
interval is relatively smaller following the large 
pulse pressure beats. 
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Fig. 8. Left ventricular pressure recorded from 2 patients. The lower portion of the pressure curve 
has been amplified on a separate channel in W.V. 


Left Ventricular Pressures. Others have 
shown that during a regular ventricular rhythm 
changes of ventricular end-diastolic volume 
are associated with changes of ventricular end- 
diastolic pressure.“ Because of the problems 
inherent in ventricular volume studies some 
investigators have used changes of ventricular 
end-diastolic pressure as an index of ventricular 
end-diastolic volume changes.” In the experi- 
mental animal with a regular ventricular 
rhythm, Wiggers*: “ has shown that increases 
of ventricular end-diastolic pressure and vol- 
ume are associated with an increase in the 
rate of ventricular ejection and an increase in 
the maximum ventricular systolic pressure. If 
these relationships exist in the human subject 
with atrial fibrillation, the left ventricular 
systolic pressures and rates of left ventricular 
pressure rise should be directly related to the 
left ventricular end-diastolic pressure varia- 
tions. 

Left ventricular pressures have been re- 
corded in 5 cases, and the systolic pressure of 
ach beat compared with the ventricular end- 
diastolic pressure that immediately preceded. 
In atrial fibrillation the left ventricular systolic 
pressure variations are not directly related to 
the left ventricular end-diastolic pressure varia- 
tions (fig. 8). Beat number 7 of W.V. and beats 
number 5 and 6 of G.S. show slower rates of 
ventricular pressure rise and relatively low 
ventricular systolic pressures, although these 
beats are initiated from relatively high ven- 


tricular end-diastolic pressures when compared 
with the other beats. Each of these beats is 
preceded by a short R-R interval and by a 
beat with a relatively high intraventricular 
systolic pressure. This indicates that the pre- 
ceding beat had a relatively large stroke vol- 
ume and a relatively small end-systolic volume. 
Accordingly, the ventricular volume prior to 
ventricular filling was relatively small. Be- 
cause of the short R-R interval there was little 
time for ventricular filling; therefore, ven- 
tricular end-diastolic volume was relatively 
small. Yet these beats are associated with rela- 
tively elevated ventricular end-diastolic pres- 
sures. From this it is concluded that in atrial 
fibrillation, left ventricular end-diastolic pres- 
sure changes are not a measure of left ven- 
tricular end-diastolic volume changes. In other 
words there are beat-to-beat changes in the 
relationship between the so-called initial ten- 
sion and initial volume. 


Ventricular Function 


Ventricular function in this arrhythmia has 
been studied by expressing ventricular func- 
tion in terms of pressure work per beat or stroke 
work. An index of the beat-to-beat changes of 
stroke work was calculated in 6 patients by the 
method described earlier. This is an expression 
of the beat-to-beat changes of both stroke 
volume and arterial pressure or resistance to 
ejection that are a consequence of the ar- 
rhythmia. In each of the subjects stroke work 
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was directly related to the ventricular end- 
diastolic volume and not closely related to the 
duration of the preceding R-R interval. Figure 
9 shows the-relation of the duration of the pre- 
ceding R-R interval to stroke work. A wide 
scatter can be seen, particularly in the range of 
the shorter R-R intervals. Figure 10 shows 
the close relationship between ventricular end- 
diastolic volume and stroke work. These 


2000 


Fic. 9. Duration of the immediately preceding R-R 
interval (ordinate) related to ‘‘stroke work’’ (ab- 
scissa). 


studies indicate that the left ventricular stroke 
work in human subjects with atrial fibrillation 
is determined by the left ventricular end- 
diastolic volume. 


DIscussIoN 

In subjects with atrial fibrillation the beat- 
to-beat changes of left ventricular end-diastolic 
volume and arterial pressure, although related 
to the duration of the immediately preceding 
R-R interval, show considerable scatter for any 
given R-R interval within a single sequence of 
beats. These studies have made it possible to 
explain this scatter, which in effect represents a 
dissociation between the immediate rate 
changes and these hemodynamic phenomena. 

The ventricular end-diastolic volume for any 
given R-R in atrial fibrillation is a function of 
the ventricular volume from which filling is 
initiated and the volume of blood that flows 
into the ventricle during diastole. The ventric- 
ular volume from which filling is initiated is 
determined by the end-systolic volume of the 
preceding beat. The beat-to-beat variations of 
ventricular end-systolic volume may be as 
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Fig. 10. Left ventricular end-diastolic ‘‘volume’’ (ordinate) related to ‘‘stroke work”’ (abscissa). 





DODGE, KIRKHAM, AND KING 


marked as the variations of ventricular end- 
diastolic volume in this arrhythmia. Thus for a 
siven R-R interval ventricular filling may be 
nitiated at differing ventricular volumes. The 
‘olume of blood that flows into the ventricle 
during diastole is determined by the duration 
f diastole and the rate of ventricular filling. 
rhe duration of diastole is a function of both 
the duration of the R-R interval and the dura- 
ion of systole of the immediately preceding 
eat. It has been shown by others”® and con- 
armed in this study that there are beat-to-beat 
-hanges in the duration of systole in this ar- 
rhythmia. Therefore, the beat-to-beat changes 
in the duration of ventricular diastole are not 
uecurately reflected by changes in the duration 
of the immediately preceding R-R intervals. 
The ventricular filling curves as recorded by 
the electrokymograph in these studies are 
characterized by rapid filling early in diastole 
and slower filling late in diastole as illustrated 
schematically in figure 11 and are similar to 
filling curves recorded with the cardiometer in 
the experimental animal.“ The rate of ven- 
tricular filling is indicated by the slope of the 
curve. Because of the flattening of the curves 
as diastole lengthens, changes in the duration 
of the diastolic filling period or the volume 
from which ventricular filling is initiated have 
little effect on ventricular end-diastolic volume 
when the ventricular filling period is long. 
However, when the period of diastole is short, 
small changes in the duration of diastole or in 
the volume from which ventricular filling be- 
gins have a marked effect on ventricular end- 
diastolic volume. For this reason the largest 
beat-to-beat variation of ventricular end- 
diastolic volume for a given R-R interval occurs 
when the R-R intervals are short. Another 
feature of the ventricular filling curves in atrial 
fibrillation is that the rate and duration of the 
rapid phase of ventricular filling differ from 
beat-to-beat as evidenced by the slopes of the 
ventricular filling curves. However, the slopes 
of these filling curves are similar if they are 
related to the ventricular volume during which 
filling occurs rather than to a portion of diastole 
with respect to time. Hence, the relative rate 
of ventricular filling at a given instant during 
diastole in this arrhythmia is determined by 
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Fig. 11. Schematic illustration of ventricular fill- 
ing curve. 


the relative ventricular volume at that instant 
of diastole. 

The beat-to-beat dissociation of ventricular 
rate and ventricular end-diastolic volume 
makes it possible to test the effect of these 2 
variables on ventricular function in atrial 
fibrillation. Left ventricular function was cal- 
culated in terms of an index of pressure work 
per beat or stroke work. This index of stroke 
work is determined by the beat-to-beat changes 
of both stroke “volume” and mean arterial 
pressure during ventricular ejection. These 
studies show that the beat-to-beat variations 
of stroke work in atrial fibrillation bear a linear 
relation to the beat-to-beat variations of ven- 
tricular end-diastolic volume. There was con- 
siderable scatter when stroke work was related 
to the duration of the preceding R-R interval. 
From the analysis of the relation of R-R inter- 
val to ventricular end-diastolic volume a dis- 
sociation between the immediate ventricular 
rate changes and ventricular end-diastolic 
volume was demonstrated. In spite of this, 
left ventricular stroke work was closely related 
to ventricular end-diastolic volume without any 
correction for rate. Thus these data give no 
evidence to indicate that ventricular rate 
changes per se alter ventricular function in 
man. This differs from what has been observed 
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in the experimental animal by Sarnoff* with a 
different experimental approach. Furthermore, 
in vitro observations on heart muscle strips by 
others have shown that changes in the rate of 
contraction are associated with changes in the 
force of contraction.*-” To explain this phe- 
nomenon the presence of a poststimulation 
potentiating substance had been postulated.* 
The results of these studies showed the varia- 
tions of stroke work to be dependent on the 
variations of ventricular end-diastolic volume 
and revealed no evidence of beat-to-beat 
changes in the mechanical properties of left 
ventricular muscle as a consequence of the 
rate changes. 

These variations of ventricular end-diastolic 
volume, stroke volume, and arterial pressure 
as a result of the ventricular arrhythmia have 
made it possible to test Starling’s ““Law of the 
Heart” in man by studying a single sequence of 
beats.*® These studies indicate that the human 
heart behaves according to _ Starling’s 
“Jaw.’’48- 49 Figure 10 shows portions of Starling 
curves from the human heart calculated from 
the data in this study. Here the index of stroke 
work is plotted against end-diastolic volume 
rather than stroke volume against end- 
diastolic volume as was done by Starling.**: 49 
In no instance was there seen evidence of a 
descending limb of the curves as described by 
Starling although several of the patients in this 
study had left ventricular enlargement and 
elevation of the left ventricular end-diastolic 
pressure. This is manifest clinically by the 
fact that the beats with the longer R-R 
intervals always have the largest arterial pulse 
pressures and highest arterial systolic pressures. 
If the heart with greater filling operated on the 
descending limb of the Starling curve, one 
might expect beats with lower arterial pulse 
pressure and systolic pressure occasionally to 
follow the longer R-R intervals. Such has not 
been observed, even in patients with severe 
left ventricular failure. 

Studies of the left ventricular pressure curves 
demonstrate other interesting aspects of ven- 
tricular dynamics in this arrhythmia. First, 
ventricular end-diastolic volume and _ ven- 
tricular end-diastolic pressure may vary inde- 
pendently when the ventricular rate is rapid 
and irregular. In other words, left ventricular 


end-diastolic pressure and end-diastolic volume 
are not proportional to each other from beat to 
beat under these conditions. This phenomenon 
has been described by Wiggers” and by Katz*° 
in the experimental animal with atrial fibrilla- 
tion and is similar to that described under con- 
ditions of ventricular premature contractions 
in the experimental animal.®°: *! It has also been 
described in man by Richards.*®? The mecha- 
nism of the dissociation of the ventricular 
pressure-volume relationships during end- 
diastole as seen in this arrhythmia remain un- 
explained. It seems likely that it is due to 1 of 
2 mechanisms, either the rate of ventricular 
relaxation varies from beat to beat, or what 
seems more likely, the elastic properties of the 
left ventricle differ during the various portions 
of diastole. The latter is in part supported by 
studies reported by Johnson and Katz.** More 
recent studies of left ventricular compliance 
during diastole, by Buckley and associates*! 
also support the latter. Finally, these studies 
indicate that during ventricular irregularity the 
force of left ventricular contraction is deter- 
mined by the ventricular end-diastolic volume 
and not by the end-diastolic pressure. This has 
also been shown to be the case in the experi- 
mental animal.®® It also points out one of the 
shortcomings of the use of pressure technics to 
study cardiac function and the need for volu- 
metric technics. 

This approach to the study of cardiac func- 
tion by the application of the volumetric 
technic used in this study is admittedly a crude 
one with many shortcomings. There is at 
present no method that enables one to calcu- 
late absolute ventricular volumes in the intact 
human subject, nor is it possible to relate these 
electrokymograph observations to absolute 
changes of volume or absolute volumes. There- 
fore, it is not possible to compare in any quan- 
titative sense separate observations on the 
same subject or observations on different 
subjects. Furthermore, this method is applica- 
ble only when there are hemodynamic changes 
from beat to beat. Its usefulness is limited to 
the study of the relative characteristics of beats 
within a single sequence of beats. 

There are certain hemodynamic features of 
atrial fibrillation that resemble those of another 
cardiac abnormality, namely, pulsus alternans. 
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in figure 3 can be seen a wide scatter of arterial 
systolic pressures and pulse pressures for the 
same R-R intervals within a single sequence of 
eats. This beat-to-beat variation of arterial 
systolic pressure and pulse pressure for the 
same R-R interval is similar to that observed 
n pulsus alternans. The similarity between 
atrial fibrillation and pulsus alternans in this 
regard is not a new observation, as it was noted 
by Lewis many years ago.** Furthermore, 
this phenomenon resembling pulsus alternans 
as observed in subjects with atrial fibrillation 
is not a manifestation of left ventricular failure 
because several of the subjects in this study 
had left ventricles of normal size and normal 
left ventricular end-diastolic pressures. Studies 
of pulsus alternans both in the experimental 
animal by means of a cardiometer®>: °° and in 
man by means of the left cardiac border elec- 
trokymogram®™ have demonstrated that the 
larger beats arise from relatively larger ven- 
tricular end-diastolic volumes and the smaller 
beats from relatively smaller end-diastolic 
volumes. It seems clear from these published 
observations that in pulsus alternans there are 
beat-to-beat variations of ventricular filling, 
ventricular ejection, and resistance to ejection, 
much as in atrial fibrillation. In addition to 
these hemodynamic factors, studies by Green® 
have indicated that in pulsus alternans there is 
also a defect in contraction of groups of myo- 
cardial fibers from beat to beat. No evidence 
of the latter was found in these studies of ven- 
tricular function in atrial fibrillation inasmuch 
as the beat-to-beat variations of ventricular 
work were explainable on the basis of the 
beat-to-beat variations of ventricular end- 
diastolic volume. There are no published ob- 
servations of the relationship, if any, between 
the variations of stroke work and end-diastolic 
volume during pulsus alternans. 


SUMMARY 


The beat-to-beat changes of ventricular rate, 
durations of systole and diastole, arterial 
pressure, left ventricular pressure, and an index 
of left ventricular volume have been studied in 
human subjects with atrial fibrillation. 

Arterial pulse pressure, systolic pressure, and 
ventricular end-diastolic volume may show 
considerable scatter for a given R-R interval 


within a single sequence of beats in this ar- 
rhythmia. Mechanisms involved in determining 
this scatter have been studied and are related 
to certain features of the preceding beat; 
notably, the arterial pressure, end-systolic 
volume and duration of systole of the preceding 
beat. 

There are beat-to-beat changes in the rela- 
tionship between left ventricular end-diastolic 
pressure and end-diastolic volume when the 
ventricular rate is rapid and irregular in atrial 
fibrillation. Thus left ventricular end-diastolic 
pressure changes do not necessarily reflect 
volume changes under these conditions. 

A method for calculating an index of ven- 
tricular stroke work has been described. 

The beat-to-beat dissociation of the changes 
of ventricular rate, ventricular end-diastolic 
volume, and ventricular end-diastolic pressure 
has made it possible to study the effect of these 
variables on left ventricular work in man. The 
results indicate that left ventricular work is 
determined by the end-diastolic volume. 


SUMMARIO IN INTERLINGUA 


Le variationes del velocitate ventricular ab 
un pulso al proxime, le duration del systole e 
del diastole, le pression arterial, le pression 
sinistro-ventricular, e un indice del volumine 
sinistro-ventricular esseva studiate in subjectos 
human con fibrillation atrial. 

Le pression arterio-pulsatile, le pression 
systolic, e le volumine ventricular diastolico- 
terminal monstra a vices in iste arrhythmia un 
grado considerabile de dispersion pro un specific 
intervallo R-R intra un sol sequentia de pulsos. 
Le mechanismos participante in le deter- 
mination de iste dispersion esseva investigate. 
Illos es relationate a certe characteristicas del 
pulso precedente, specialmente su pression 
arterial, su volumine systolico-terminal, e su 
duration systolic. 

Existe variationes ab un pulso al proxime 
in le relation inter le pression sinistro-ventricu- 
lar diastolico-terminal e le volumine diastolico- 
terminal quando le velocitate ventricular es 
alte e irregular in le presentia de fibrillation 
atrial. Assi, alterationes del pression sinistro- 
ventricular diastolico-terminal non _ reflecte 
necessarimente alterationes de volumine sub le 
conditiones hic discutite. 
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Es describite un methodo pro calcular un 
indice del labor ventriculo-pulsatile. 

Le dissociation del alterationes ab un pulso 
al proxime in le velocitate ventricular, le 
volumine ventricular diastolico-terminal, e le 
pression ventricular diastolico-terminal ha 
rendite possibile le studio del effecto de iste 
variabiles super le labor sinistro-ventricular in 
homines. Le resultatos indica que le labor 
sinistro-ventricular es determinate per le 
volumine diastolico-terminal. 
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Distribution of Pain in Myocardial Infarction 


By Kennetu Kretnes, M.D. 


In acute myocardial infarction the possible relation of localization and radiation of the pain to the 
localization and extent of the infarct has engaged the interest of many clinicians. The clinical 
records, electrocardiograms, and autopsy protocols of 104 cases of myocardial infarction were care- 
fully examined to determine if there is an association between the location and extent of involved 
myocardium and the radiation of pain to “atypical” sites such as the back and the epigastrium. 


HE purpose of this study was to deter- 

mine if the distribution of pain in cases 
of acute myocardial infarction is influenced by 
the location and extent of involved myocar- 
dium. Specifically, do infarctions of the posterior 
or diaphragmatic wall of the heart result in a 
greater frequency of pain radiating to the ab- 
domen and back than do infarctions of the 
anterior wall? On the other hand, are epigastric 
and back pain more a function of some other 
factor such as the extensiveness of the area of 
infarction? Mason! in 1950 postulated on em- 
bryologic and phylogenetic grounds that the 
left and right sides of the heart are innervated 
separately by nerves from the left and right 
sides of the body respectively. He reasoned, 
therefore, that pain originating in the left side 
of the heart is perceived more commonly in 
the left arm and left half of the body than pain 
originating in the right side of the heart. No 
other attempt to correlate distribution of pain 
with pathologic findings was found in the 
course of a brief survey of the literature. 


MATERIAL AND METHODS 


The autopsy protocols between 1946 and 1953 
of a large Cincinnati private hospital were reviewed. 
The clinical records and electrocardiograms of all 
cases in which acute coronary occlusion or myo- 
cardial infarction was the chief cause of death, were 
carefully examined. During this period, the diag- 
nosis of acute myocardial infarction was made clini- 
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sally in 960 cases of which 316, or 32 per cent died; 
of this number, 193 were autopsied. Since this study 
necessitated accurate descriptions of the location 
and extent of involved myocardium and of the pain 
the patients experienced, all records were discarded 
in which a recent area of infarction was not grossly 
demonstrable and pinpointed in extent and location. 
Microscopic localization could not be relied upon, 
since the sections of myocardium taken at autopsy 
were not marked as to the locus in the heart from 
which they were removed. All cases in which no pain 
was described because of unconsciousness due to sur- 
gical anesthesia, terminal uremia, cerebral vascular 
accident, diabetic acidosis, etc. were also discarded. 
The cases that fulfilled these criteria were separated 
into 4 groups: anterolateral or apical, anteroseptal, 
posterior, and massive myocardial infarctions. An 
infarction was considered massive if it involved the 
entire left ventricle, the entire anterior wall, the 
posterior wall with extension laterally or inferiorly 
to involve the anterior wall, the anterior wall with 
extension around the apex to involve the posterior 
wall or the entire length of the septum with involve- 
ment of both the anterior and posterior walls. It 
was possible by this method to find 104 cases in 
which the area of myocardium involved could be 
rather precisely localized and in which it was con- 
sidered that the patients were competent to describe 
pain accurately, if any was present. 


RESULTS 

Location and Extent of Myocardial Infarctions 

Twenty-nine massive infarctions were 
encountered. Of these, 20 were clearly exten- 
sive infarctions of the anterior wall only, and 
9 involved the anterior and the posterior wall, 
either by infarction of the entire left ventricle 
or by extension of an infarction from 1 wall to 
the other. For purpose of comparison, if the 
latter 9 cases are not included, it will be seen 
that the anterior wall was involved in 59 per 
cent, and the posterior wall in 41 per cent of 
the 95 remaining cases. Twenty per cent of 
the 104 cases were anteroseptal, 14 per cent 
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anterolateral, 38 per cent posterior, and 28 per 
cent massive myocardial infarctions. 

One hundred and fourteen coronary occlu- 
sions were demonstrated at autopsy in 96 cases. 
1. 8 cases severe stenosis of the major coronary 
arteries without occlusion was found in the 
fuce of frank myocardial infarction. The 
frequency of involvement of the individual 
arteries is shown below. 

Anterior descending branch of the left coronary 

artery a 
Right coronary artery 
Cireumflex branch of the left coronary artery.... 
Left main coronary artery 


Two or more coronary occlusions................ 18 
Severe stenosis without occlusion 


Correlation of Radiation of Pain with Pathologic 

Anatomy of the Heart 

Pain was experienced in 26 combinations of 
11 sites in 88 cases. The sites were: posterior 
aspect of the scalp, teeth, lower jaw, throat, 
neck, anterior chest, back, left arm, right arm, 
epigastrium, and right upper abdominal 
quadrant. In 16 of the 104 cases (15 per cent), 
pain was either absent or of such minor degree 
that it was not described by the patient. The 
overshadowing symptom in the latter group 
was dyspnea. The frequency of occurrence of 
the various combinations of pain is shown in 
table 1. 

The character or severity of the pain is not 
recorded, since this variable is considered to 
be more a function of individual pain sus- 
ceptibility than of anatomic factors. The nota- 
tions “left arm” and “right arm” refer only to 
to the respective upper extremity without 
attempt at subdivision into shoulder, upper 
arm, forearm, fingers, etc. Similarly, “chest 
pain” refers to any instance of pain within the 
anterior chest without breakown into sub- 
sternal, precordial, etc. No statistically signi- 
licant total picture of pain radiation was 
demonstrated for any type of myocardial 
infarction. 

Anterior chest pain was absent in 31 per cent 
of the cases. Pain radiated to both arms 

16 per cent) with slightly greater frequency 
than to the left arm alone (13 per cent). 
ilowever, pain in the right arm without pain in 
ihe left arm was rarer, occurring in only 5 per 


- 


TaBLE 1.—Total Radiation of Pain by Infarct Type 
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}pigastrium and neck....... 





cent of the cases. The combination of anterior 
chest pain radiating through to the back was 
found in 28 per cent of the massive, in only 
3 per cent of the posterior, and in none of the 
other varieties of myocardial infarction. Back 
pain alone was found in 2 cases (7 per cent) of 
massive infarction, but in no other types. In 
1 case of anteroseptal and 1 of massive infarc- 
tion there was back and epigastric pain but 
no chest pain. In 1 case of posterior myocardial 
infarction there was pain in both arms and in 
the back, also without chest pain. 

The combination of chest and epigastric pain 





DISTRIBUTION OF PAIN IN MYOCARDIAL INFARCTION 


TABLE 2.—Frequency of Pain in Individual Sites by Infarction Type 
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was found in 6 cases, of which 4 were massive 
infarctions and 2 were posterior infarctions. 
One of the cases of massive infarction had back 
as well as epigastric and chest pain. In 9 cases 
(9 per cent) there was epigastric pain without 
chest pain. Three were cases of massive infarc- 
tion, 3 of posterior, 2 of anteroseptal, and 1 of 
anterolateral myocardial infarction. One of 
these cases of anteroseptal infarction demon- 
strating epigastric and back pain was previ- 
ously mentioned. 

The frequency of radiation of pain to 
individual sites expressed in terms of type of 
infarction is shown in table 2. Back pain was 
experienced by 13 per cent of the total number 
of patients. Thirty-eight per cent of the 
patients with massive infarction, 5 per cent 
with posterior, 5 per cent with anteroseptal, 
and none of the patients with anterolateral 
myocardial infarction had back pain. Epi- 
gastric pain was experienced by 15 per cent of 
the total. As with back pain, but to a less 
striking degree, the greatest frequency of 
epigastric pain occurred in the cases of massive 
myocardial infarction (28 per cent); posterior 
(13 per cent), anteroseptal (10 per cent), and 
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TaBLE 3.—Pain Radiation of Anterior vs. Posterior Myocardial Infarction 


| 80 
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None 
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7 30 19 75 
11 10 23 
10 28 26 59 


anterolateral myocardial infarction (7 per 
cent) less commonly resulted in epigastric pain. 
It is interesting that of the 16 cases with epi- 
gastric pain, 7 had coexisting abdominal 
pathology capable of producing epigastric 
pain. Two had chronic cholecystitis and 
cholelithiasis, 1 choledocholithiasis, 1 a healing 
peptic ulcer, 1 chronic gastritis, 1 a low-grade 
enterocolitis, and 1 appendicitis. 

Table 3 contrasts the pain radiation of 
anterior with that of posterior myocardial 
infarction. The 9 cases of massive infarction 
previously mentioned, in which both the ante- 
rior and posterior walls were involved, are 
not included, since they would not influence a 
statistical comparison significantly. It is clear 
that no significant differences exist between 
the pain radiation of anterior and posterior 
myocardial infarction. 

In table 4 the pain radiation of the massive 
myocardial infarctions is contrasted with that 
of the smaller infarctions. 

Back pain was present in 38 per cent of the 
larger infarctions but only 4 per cent of the 
smaller ones. Similarly, but to a less striking 
degree, epigastric pain was described by 28 pei 
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TaBLE 4.—Pain Radiation of Massive vs. Smaller Myocardial Infarctions 
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ent of the patients with the larger infarctions 
snd by only 11 per cent of the remaining 
patients. 


Discussion 

An attempt to understand and appreciate 
ihe “atypical” radiation of pain in myocardial 
infaretion is not purely academic. In this series 
the correct diagnosis was not made in 14 cases. 
In 5 of these the diagnosis was probably 
missed because back or epigastric rather than 
anterior chest pain was present and therefore 
myocardial infarction was not suspected. 

Despite the fact that the innervation of the 
heart has been well delineated, the mechanisms 
determining the radiation of cardiac pain are 
still a mystery. It is not the purpose of this 
paper to review the conventional theories of 
the radiation of cardiac pain as this has already 
heen well described in the literature.?-® 

In this study, 38 per cent of the very large 
infarctions, but only 4 per cent of the smaller 
infarctions resulted in pain radiating to the 
back. Similarly, 28 per cent of the larger and 
only 11 per cent of the smaller infarctions 
resulted in epigastric pain. Both of these asso- 
ciations are statistically significant when sub- 
jected to a x? test. It is suggested that larger 
infarctions, perhaps by creating larger zones 
of injury, stimulate greater numbers of nerve 
endings resulting in a total impulse of greater 
than usual magnitude, which for some un- 
known reason is perceived in such “atypical” 
sites as the back and epigastrium. White! has 
pointed out that perhaps the radiation of pain 
in angina pectoris to atypical sites such as the 
right hand presages a graver prognosis. Could 
this also mean that these individuals have a 
more extensive area of diseased myocardium? 


SUMMARY 


The clinical records, electrocardiograms, 
and autopsy protocols of 104 cases of myo- 
cardial infarction were carefully examined to 
determine if there is an association between 
the location and extent of involved myo- 
cardium and the radiation of pain to ‘‘atypical”’ 
sites such as the back and epigastrium. No 
association was found between location of 
myocardial infarction in the posterior or 
diaphragmatic wall of the heart and radiation 
of pain to the back and abdomen. A statisti- 
cally significant association was found between 
the occurrence of massive myocardial infare- 
tions and radiation of pain to the back and 
epigastrium. It is suggested that the size of a 
myocardial infarction may be 1 of the factors 
determining the radiation of pain. 
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SUMMARIO IN INTERLINGUA 


Le protocollos clinic, le electrocardiogram- 
mas, e le reportos necroptic de 104 casos de 
infarcimento myocardial esseva examinate 
cautemente pro determinar si il existe un asso- 
ciation inter le sito e extension del implication 
myocardial e le radiation de dolores a sitos 
“atypic,”’ como le dorso e le epigastrio. 

Nulle association esseva constatate inter le 
sito del infarcimento myocardial in le pariete 
posterior o diaphragmatic del corde e le radia- 
tion de dolores al dorso e al abdomine. Un 
statisticamente significative association esseva 
constatate inter le occurrentia de massive 
infarcimento myocardial e radiation de dolores 
al dorso e al epigastrio. Nos opina que le di- 
mension del infarcimento myocardial es pos- 
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DISTRIBUTION OF PAIN IN MYOCARDIAL INFARCTION 


radiation de dolor. studies. Arch. Surg. 26: 765, 1933. 
§ MacKenzib, J.: Some points bearing on the asso 
REFERENCES ciation of sensory disorders and visceral disease 


1 Mason, R. W.: Significance of the reference of 


Brain 16: 321, 1893. 


anginal pain to the left and right side of the , FRIEDBERG, C. K.: Disease of the Heart. 
body. Am. Heart J. 39: 325, 1950. adelphia, W. B. Saunders Co., 1949. 


7 ‘ ° ° . ss ‘ * ‘ 5 = 1 z 7 
2 LipMan, E.: Studies in pain. Tr. A. Am. Physicians *Capps, J. A., AND CoLeMaNn, G, H.: An E 
44: 52, 1929. mental and Clinical Study of Pain in the Pleura 
3 Karz, L. N., Wayne, W., ano WEINSTEIN, W.: Pericardium and Peritoneum. New 


Cardiac pain: Presence of pain fibers in nerve Maemillan Co., 1932. 

4 q - * . . ‘ , 
plexus surrounding coronary vessels. Arch. Int. * ALEXANDER, J., MacLorp, A. G., anp Ba 
Med. 55: 760, 1935. P. S.: Sensibility of the exposed human 


*Gray, H.: Anatomy of the Human Body. Phil- and pericardium. Arch. Surg. 19: 1470, 
adelphia, Lea and Febiger Corp., 1954, p. 1109. 10 Wuitr, P. D.: Heart Disease. Ed. 3, New York 
5 Wuirtr, J. C., Garrey, W. E., anp ATKINs, J. A.: Maemillan Co., 1944. 


Burchell, H. B.: The Selection of Patients for Catheterization of the Left Side of the Heart. Proc. 

Staff Meet., Mayo Clin. 31: 105 (Mar.), 1956. 

The first general criterion for use of left-heart catheterization is that the patient potentially 
has a surgically remedial valvular lesion and that the clinical and established laboratory methods 
have been unable to indicate the exact diagnosis. Special anatomic problems may be clarified 
by left-heart catheterization in a way superior to all other methods. These are: 1. How severe is 
the aortic stenosis? 2. When mitral stenosis and insufficiency are associated, which is predomi- 
nant? 3. When aortic stenosis and mitral disease are associated, which is the more important? 
4. In some cases of “idiopathic” pulmonary hypertension, is “silent’’ mitral stenosis present? 5. 
In some cases of heart failure with valvular disease, which is the more important, the valvular 
defect or the failure of the myocardium, per se, such as might be associated with a concomitant 
hypertension or rheumatic myocarditis or both? 

Measurements that can be made by the catheter in the left side of the heart, which may ac- 
curately designate the nature of the valvular defects, are the measured gradient of pressure, 
relative to flow, across the valve, as, for instance, pressure difference during diastolic filling be- 
tween atrium and ventricle, or ventricle and aorta during systole, ventricular diastolic pressures 
that may indicate myocardial failure, and pressure contours in the left atrium indicating mitral 
incompetence. Even when such accurate measurements become available, it is important that 
their interpretation not necessarily be absolute but be tempered with clinical data. For example, 
it would be an error to consider the absence of an end-diastolic gradient across the mitral valve 
as prima facie evidence for the exclusion of mitral stenosis, if aortic incompetence were present 
clinically and allowed some ventricular filling from the aorta. Again, in the presence of clini- 
cally evident aortic incompetence, the presence of systolic gradients across the aortic valve should 
be reviewed with greater circumspection in assessing the orifice of this valve. 
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Relationship of Platelet Serotonin to Disturbances 
of Clotting and Hemostasis 


By Murray WEINER, M.D. AND SrpNeyY UDENFRIEND, PH.D. 


The presence of serotonin (5-hydroxytryptamine) in high concentration in platelets and its absence 
from normal platelet-free plasma suggest the possibility that this vasoconstrictor substance may 
play a role in hemostatic mechanisms. Platelet serotonin content measured by a fluorometric method 
in 94 patients showed an average content of 0.22 ug./ml. blood. In none of the disease groups studied, 
including hypertension, was a significant alteration found in platelet serotonin. However, the ad- 
ministration of reserpine resulted in a marked and prolonged depletion of platelet serotonin that 
was not accompanied by any significant change in any of the clotting factors. The in vitro addition 
of serotonin in amounts up to 50 ug./ml. also failed to alter any of the clotting factors studied. 
Platelet serotonin did not correlate with diagnosis, age, weight, blood pressure, cephalin-fluoccula- 
tion, or capillary fragility. However, markedly anemic patients (below 10 Gm. per cent hemo- 
globin) and patients whose blood urea nitrogen was above 30 mg. per cent, tended to have a low 


platelet serotonin content. 


N 1912 O’Connor' demonstrated that serum 
had a vasoconstrictor activity that was dis- 
tinetly greater than that of plasma and was 
not due to epinephrine. Janeway and co- 
workers? found that platelets were essential to 
the vasoconstrictor activity of serum. This 
observation was later confirmed by several 
other investigators.*: + In 1948, a crystalline 
vasoconstrictor substance was isolated from 
serum by Rapport and associates’: * and 
named “serotonin.’”” This substance, subse- 
quently identified as 5-hydroxytryptamine,’~! 
is derived biologically from tryptophan.!! 

The presence of serotonin in high concentra- 
tion within platelets and its absence from nor- 
mal platelet-free plasma suggest the possibility 
that this compound may play a role in hemo- 
static mechanisms that in turn may influence 
cardiovascular function. The huge amounts of 
serotonin associated with metastatic carcinoid 
ure presumed to be related to at least some of 
the cardiovascular disturbances associated with 
this disease.!*: 1% 

This paper presents the results of experi- 
iments designed to determine whether serotonin 
is involved in clotting or hemostasis, and 
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whether the concentration of circulating seroto- 
nin is altered in a variety of disease states. 


METHODS 


Platelet suspensions were prepared from blood 
collected and handled with siliconized glassware. Di- 
sodium ethylenediamine tetracetate (EDTA) was 
used as anticoagulant (0.3 ml. of 5.0 per cent Nae 
EDTA to 9.7 ml. of blood). Platelet counts were 
done by direct chamber count with a diluent con- 
taining 1.5 per cent Naz EDTA and 0.7 per cent 
NaCl. After determination of the platelet count of 
the whole blood specimen, the blood was centrifuged 
for 20 min. at 500 r.p.m. The plasma was separated 
from the red cells and recentrifuged at 2000 r.p.m. 
for 40 min. The supernatant was then decanted and 
the platelet button resuspended in 3.3 ml. of isotonic 
saline. The platelet count of this suspension was 
determined and 3.0-ml. aliquots were used to deter- 
mine the serotonin content spectrophotofluoro- 
metrically. This procedure can measure as little 
as 0.1 ug. of serotonin. 

In vitro coagulation studies were performed on 
plasma specimens obtained from a mixture of 1 part 
3.8 per cent sodium citrate to 9 parts of blood. The 
recalcification time was done by adding 0.1 ml. of 
0.025 M. CaCl, to a mixture of 0.1 ml. plasma and 
0.1 ml. water or appropriate serotonin solution. 
Prothrombin time was performed by a 1-stage tech- 
nic with whole plasma and 12.5 per cent saline- 
diluted plasma.!®> Serum prothrombin time (pro- 
thrombin consumption) was determined by a method 
previously reported.’ Residual thrombin activity 
(“antithrombin” test) was determined by a new 
simplified technic. 

This test!” is based on the observation that the 
ability of fresh serum to clot fibrinogen disappears 
rapidly on incubation, apparently due to the de- 
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PLATELET SEROTONIN AND CLOTTING AND HEMOSTASIS 


TaBLe 1.—Effect of Adding Serotonin in vitro to 
Plasma 


Platelet 
poor 


Prothrom- “Anti plasma 


bin time — throm- 
(sec.)whole- bin 
diluted (sec.) 


y Serotonin 
added per 
ml. plasma 


Recal. 
time 
(sec.) 

sec. Re- 
trac- 
tion 


Lysis 
(%) 


Lysis (% 24 hours) 


Subject A (cirrhosis) 
50 15.5-45.0 15. 5 35.8 
5. 15.5-44.5 15. : 63. 
0.5 15.5-43.0) 17. .O 110. 
Control 16.0-40.5 14.5 | 52. 73. 


Subject B (normal) 
50 12.0-26.5, 12. 55. 56.5 0 
3. 12.5-25.0) 9. 47.5 | 30.5 0 
0.5 (|12.0-25.5 9. 39.5 | 41.0 0 
Control 12.5-26.5 9. 50.0 | 60.5 0 


* By the method used, serum prothrombin time 
(prothrombin consumption) above 25 sec. is normal. 
The values noted are not considered significantly 
different. 


struction of thrombin by antithrombin. Conse- 
quently, the capacity of serum of a specific age to 
clot fibrinogen is a function of both the initial 
amount of thrombin formed and the antithrombin 
activity. The test is performed with serum from the 
system used to measure prothrombin by the 1-stage 
technic. If the initial prothrombin time is normal, 
it is assumed that a normal amount of thrombin was 
formed and that residual thrombin after a specific 
time interval is a function of antithrombin activity. 

Prothrombin time is done in the usual way with 
the aid of a nichrome wire loop, which is left in the 
tube as the clot forms. Exactly 30 seconds after clot- 
ting, the clot is lifted with the wire loop and gently 
compressed against the glass wall to obtain serum. 
The clot is then removed and exactly 1 minute after 
clotting; 0.1 ml. of the residual serum is added to 
0.2 ml. of standard fibrinogen solution (Chilcott). 
Normally the fibrinogen will clot in 12 to 18 seconds. 
Higher clotting times indicate increased antithrom- 
bin activity if initial prothrombin time is normal. 

Fibrinolysis was studied by the method of von 
Kaulla.” Observations were also made with the 
coagulograph (““Thromboelastograph” of Hartert!’), 
an instrument that records continuously the dis- 
tensibility of a clot.2° Capillary fragility was deter- 
mined in patients by counting the petechiae pro- 
duced by negative pressure of 20 mm. Hg applied 
for 2 minutes to the volar surface of the forearm 2 
inches below the antecubital fossa. 


RESULTS 


Influence of Serotonin on the Clotting Tests. 
The recalcification time, prothrombin time, 


TABLE 2.—Relationship of Reserpine Therapy to 
Platelet Serotonin Content 


A. 8 hypertensive patients not treated with reserpine 


Aver- 
age 


ug. serotonin, 10° 
platelets .74,.96|.47)1.36).46)1.30,1.101.£0, .99 


B. 10 hypertensive patients treated with reserpine orally 


Aver- 

age 

Total dose—meg. 1728 920,258 172 150 130,124 108; 90 20 
ug. serotonin/ 10° 


platelets -02).00 .00).05|.01). 18 .26).09).17).40, .12 


C. 5 trea.ed patients after discontinuing oral reserpine therapy 


Days since last dose 4 5 11 54 120 
Total dose—meg. 1600 336 =| 2120 20 138 
ug. serotonin/10° platelets .02 .00 .00 | 1.33 san 


77 
D. 2 patients given a single intravenous dose (3 mg.) of reserpine 


Patient I Patient II 


Time after . 
injection Serotonin Diastolic | Serotonin 


pg./10° pl. a. 


Diastolic 
ug. /10° pl. B.P. 


0 1.02 146 ; 110 
3 hours .38 106 
1 day | 92 
3 days .16 -~ 
5 days .00 124 


serum prothrombin time, residual thrombin 
time (‘‘antithrombin”’ activity), clot retraction, 
and lysis activity of normal and platelet-poor 
plasma were compared with and without the 
addition of serotonin in concentrations up to 50 
ug. per ml. In none of the tests was there a sig- 
nificant difference as illustrated by the typical 
experiments in table 1. The pattern of the 
coagulograph also remained unaltered by the 
addition of serotonin in concentrations up to 
45 wg. per ml. The abnormal coagulograph 
patterns of platelet-poor plasma could not be 
corrected by the addition of serotonin. 

Body depots of serotonin, including platelets, 
can be markedly depleted by large doses of 
reserpine in animals.?! Haverback and asso- 
ciates” have demonstrated similar results with 
repeated small doses of reserpine. This finding 
has been confirmed for platelet serotonin afte 
repeated oral doses of therapeutic magnitude o1 
single intravenous doses (3 mg.) in man 
(table 2). In rabbit, dog, and man such deple- 
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Fic. 1. Platelet serotonin concentration. Fre- 
juency distribution curve among 94 hospitalized pa- 
tients. 


tion has failed to influence the above clotting 
tests. Bleeding time and capillary fragility were 
also not detectably altered. These results are 
in agreement with those of Shore and asso- 
ciates*® and of Haverback.” 

Correlation of the Serotonin Content of 
Platelets with a Variety of Disease States. The 
platelet serotonin content of 94 patients at a 
chronic disease hospital were studied and 
compared with their diagnosis, age, weight, 
blood pressure, blood urea nitrogen, hemo- 
globin, platelet count, cephalin flocculation, 
and capillary fragility. The average serotonin 
content was 0.87 ug. per 10° platelets, and 
().22 wg. per ml. blood with a range as illustrated 
in figure 1. Seattergrams of serotonin concen- 
trations vs. age, weight, blood pressure (systolic 
and diastolic), cephalin flocculation, and 
capillary fragility failed to demonstrate any 
correlation. 

Patients with a hemoglobin concentration 
over 10 Gm. per cent also failed to show any 
correlation of hemoglobin with platelet sero- 
tonin. However, of 10 patients with a hemo- 
elobin value below 10 Gm. per cent, 9 had less 
than the average amount of serotonin per 
platelet. * 


*The 10 patients with hemoglobin values below 
1) Gm. per cent had an average platelet serotonin of 
(0.57 wg. per 10° platelets, compared to 0.92 ug. per 10° 
for 84 patients with hemoglobin concentrations above 
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Fig. 2. Relationship of serotonin in platelets to 
type of disease. 


Patients with platelet counts between 
100,000 and 500,000 did not show any correla- 
tion between count and serotonin content per 
10° platelets. However, in 4 instances with 
counts above 500,000, the serotonin content per 
platelet was below average and in 2 instances 
with counts less than 100,000 the serotonin 
was above average. 

Patients whose blood urea nitrogen was less 
than 30 mg. per 100 ml. showed no correlation 
of this factor with platelet serotonin content. 
However, of 8 patients with urea nitrogen 
values above 30, 7 had less than average 
amounts of serotonin per platelet. 

Patients were classified into diagnostic 
groups as in figure 2. Apparently none of these 
groups demonstrated any distinct abnormality 
of platelet serotonin. Platelet serotonin did not 
correlate with hypertensive cardiovasulacr 
disease or with blood pressure. 


DISCUSSION 


Serotonin has been found to occur primarily 
in gastrointestinal tissue, platelets, and brain. 
Although the presence of serotonin in platelets 
suggests that it may be a factor in hemostasis, 
these studies, as well as those of Sjoerdsma, 
Weissbach, and Udenfriend,* Shore, and co- 
workers” and Haverback and co-workers” indi- 


10 Gm. per cent. Statistical analysis gave a t value 
of 3.1, indicating a 2 per cent probability that the 
difference between the means is due to chance. 

{ The 8 patients with urea nitrogen values above 
30 mg. per cent had an average platelet serotonin of 
0.61 ug. per 10° platelets, compared to 0.91 ug. per 
10° platelets for 86 patients with urea nitrogen values 
below 30 mg. per cent. Statistical analysis gave a t 
value of 2.5 indicating a 5 per cent probability that 
the difference between the means is due to chance. 
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‘sate that marked changes in the amount of 
platelet serotonin are not accompanied by any 
disturbance in hemostasis. Zucker and Borelli®® 
and Schullman and associates?® have found no 
deficiency of serotonin in patients with hemor- 
rhagic phenomena related to coagulation and 
platelet deficiencies. Although Fenichel and 
Seegers”’ have found serotonin to influence one 
specific reaction (clot retraction) involving a 
platelet factor, our studies and those reported 
by Zucker®® fail to reveal any influence by 
either depletion or addition of serotonin on 
clotting, clot retraction, or clot lysis. 

The present findings that patients with high 
urea nitrogen values and high platelet counts 
tend toward lower platelet serotonin is in 
agreement with the findings of Zucker that 
were obtained by bioassay. The tendency 
toward lower platelet serotonin with severe 
anemia and high blood urea suggests that re- 
duced platelet serotonin may occur with non- 
specific debility or nutritional deficiency, since 
no specific disease group was found to have a 
low platelet serotonin content. 

Earlier studies of serotonin as a_ possible 
etiologic factor for hypertension failed to prove 
such a relationship.” This study shows that 
hypertensive patients do not have abnormal 
amounts of circulating platelet serotonin. 
However, subjects taking therapeutic doses of 
reserpine develop a marked depletion of platelet 
serotonin, which persists for many days after 
discontinuing the drug. The depletion of 
platelet serotonin that accompanies the hypo- 
tensive effect of reserpine apparently does not 
influence any of the known factors related to 
hemostatic mechanisms. 


SUMMARY 


Platelet serotonin content was measured in 
normal subjects and in a variety of disease 
states by a spectrophotofluorimetric method. 
It was not disturbed in any of the clinical 
groups studied, including hypertensive pa- 
tients. Capillary fragility, as measured by a 
negative pressure method, was not correlated 
with platelet serotonin. Platelet serotonin con- 
tent tended to be reduced in patients with 
markedly elevated urea nitrogen or severe 


anemia. With abnormally high platelet counts 
the concentration per platelet was also low. 

In man, reserpine in doses commonly used 
clinically caused a marked and _ prolonged 
depletion of platelet serotonin without influenc- 
ing the clotting mechanism or hemostasis. 
Serotonin added in vitro was found to be 
without effect on coagulation, clot retraction, 
or fibrinolysis. 


SUMMARIO IN INTERLINGUA 


Le contento de serotonina in le plachettas 
esseva mesurate in subjectos normal e in 
patientes con un varietate de statos pathologic. 
Le methodo usate esseva le spectrophoto- 
fluorimetria. Le serotonina plachettal non 
esseva disturbate in ulle del gruppos clinic 
studiate. Isto valeva etiam pro patientes hyper- 
tensive. Le fragilitate capillar, mesurate per un 
methodo a pression negative, non se monstrava 
correlationate con Je serotonina plachettal. Le 
contento de serotonina in le plachettas tendeva 
a monstrar se reducite in patientes con marcate 
elevationes del nitrogeno ureal o con grados 
sever de anemia. In casos de anormalmente 
alte numerationes plachettal, le concentration 
de serotonina in le plachetta individual esseva 
etiam basse. 

Reserpina, administrate in le doses que es de 
uso commun in le practica clinic, causava un 
marcate e prolongate depletion del serotonina 
plachettal sin influentiar le mechanismo coagu- 
latori o le hemostase. In observationes in vitro, 
le addition de serotonina monstrava nulle 
effecto super le coagulation, le retraction del 
coagulo, o le fibrinolyse. 
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Y 


After being frequently urged to write upon this subject, and as often declining to do it, from 
apprehension of my own inability, I am at length compelled to take up the pen, however unqualified 


I may still feel myself for the task. 


The use of the Foxglove is getting abroad, and it is better the world should derivesome instruction, 
however imperfect, from my experience, than that the lives of men should be hazarded by its 
unguarded exhibition, or that a medicine of so much efficacy should be condemned and rejected 
as dangerous and unmanageable.—WILLIAM WITHERING. An Account of the Foxglove, and Some 


of Its Medical Uses. Birmingham, 1785. 





Isolated Congenital Mitral Stenosis 


Report of Two Cases with Mitral Valvotomy in One 


By J. L. Bravupo, M..R.C.P., 8. N. Javert, M.D., D.C.H., D. I. Apter, F.R.C.S., 
AND I. Kesset, M.R.C.P., D.C.H. 


Of the 8 cases of isolated congenital mitral stenosis reported in the literature the authors add 2 cases 
personally observed. The postmortem findings in one of these patients is described; in the other, 
improvement was noted following surgical intervention. The literature is reviewed and the diag- 
nostic criteria, including angiocardiographic findings, are described. 


er congenital mitral stenosis is an 
extremely rare condition. Only 8 cases 
have been reported in the literature, whereas 37 
cases are recorded in association with other 
cardiac anomalies, such as patent ductus 
arteriosus, aortic stenosis, coarctation of the 
aorta, and aortic valve anomaly.! 

This paper describes 2 female infants, 4 
months and 3 months old, respectively, with 
isolated congenital mitral stenosis. The diag- 
nosis was proved in one at autopsy; the second 
case was diagnosed clinically. The latter is alive 
and moderately well 16 months after mitral 
valvotomy. 

The first case of isolated congenital mitral 
stenosis was recorded by Summons in 1906.? 
In 1953, Bower and associates’ reported the 
first clinically proved case of isolated congenital 
mitral stenosis. The lesion was suspected after 
cardiac catheterization and confirmed by angio- 
cardiography and operation. 

The over-all prognosis is extremely poor; 
4 cases died in the first year of life, 3 in the 
second, and 1 in the third year of life. 

Since the advent of surgery for mitral 
stenosis, 3 patients with congenital mitral 
stenosis have been operated upon, 2 with iso- 
lated congenital mitral stenosis and 1 with a 
large patent ductus arteriosus. The first 2 
patients both died postoperatively, one 30 
hours’ and the other 6 weeks later. The third 
patient was alive 7 months after the operation. 


CasE REPORTS 
Case 1 
A girl, J. J., aged 3 months was the product of a 
full-term normal pregnancy and labor At birth 





From the Johannesburg and Transvaal Memorial 
Hospitals, Johannesburg, South Africa. 


the weight was 6 lb. The mother noted grunting 
respiration soon after the child was born, and this 
symptom persisted until her first admission to hos- 
pital in severe congestive cardiac failure at the age 
of 3 months. Physical examination revealed a poorly 
nourished infant with marked dyspnea and sub- 
costal retraction. Slight cyanosis was present; there 
was no clubbing. The blood pressure was 110/65, 
pulse 160, and respiratory rate 50 per minute. The 
femoral pulses were easily palpable. The liver was 
enlarged 5 cm. below the right costal margin, non 
tender, and nonpulsatile. Jugular venous pressur¢ 
was elevated to the angle of the jaw. The heart was 
enlarged and an apical systolic thrill and a right ven- 
tricular heave were noted. The anteroposterior di- 
ameter of the chest was increased. The first heart 
sound was loud and the second sound was accentu- 
ated. A rough grade 3 apical systolic murmur was 
present. It radiated to the base, but poorly to the 
axilla and back. No diastolic murmurs were noted. 
The breath sounds were normal. There was no pe- 
ripheral edema or ascites. 

Roentgenograms revealed cardiomegaly (cardio- 
thoracic ratio 83 per cent) and marked increase in 
pulmonary vasculature. In the left anterior oblique 
film, the left main bronchus was displaced upwards 
by an enlarged left atrium. Enlargement of right 
ventricle and right atrium was also demonstrated 
(fig. 1). The electrocardiograph showed marked right 
ventricular hypertrophy with tall P waves in leads 
II and III (fig. 2). A diagnosis of congenital heart 
disease with pulmonary plethora was made. The 
features were not considered to be characteristic of 
a septal defect or patent ductus arteriosus. The pa- 
tient responded well to digitalis therapy, with dis- 
appearance of the cyanosis, and was discharged un- 
diagnosed. 

Clinical Course. She remained fairly well on main- 
tenance digitalis therapy until 1 month later, when 
she became dyspneic and cyanotic and was read- 
mitted to hospital. The physical findings showed no 
change. Despite continuous oxygen and mercurial 
therapy she had several syncopal attacks and died 
48 hours later. 

Autopsy Findings. The heart was grossly enlarge: 
(fig. 3). There was marked right ventricular hyper- 
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Fic. 1. Case 1. Teleroentgenogram shows gross car- 
diomegaly with increased pulmonary vasculature. 


Fic. 2. The electrocardiogram of case 1 shows 
marked right atrial and right ventricular hyper- 
trophy with probable left atrial hypertrophy in Vi. 


Fig. 3. Case 1. Cardiomegaly, marked thickening 
of the right ventricular musculature, and gross dilata- 
tion of the main pulmonary artery. 


trophy, the wall measuring 1 cm. in diameter. The 
right atrium was dilated but not hypertrophied. 
The left atrium was also greatly enlarged (fig. 4). The 
mitral valve was severely stenosed (fig. 5) and the 
tricuspid valve incompetent. The atrial and ven- 
tricular septa were intact, and there was no patent 


ductus arteriosus or coarctation of the aorta. The 
pulmonary artery was dilated, and the lungs were 
slightly edematous. There was no macroscopic pul- 
monary arterial disease. The enlarged liver exhibited 
the nutmeg pattern of severe congestive failure. Mi- 
croscopic sections of the heart demonstrated gen- 
eralized fibroelastosis of the left atrial endocardium. 
There was no evidence of rheumatic inflammation in 
either myocardium or endocardium. Stains for col- 
lagen were negative. The lung was not sectioned. 
Case 2 

A female infant, B. P., was first seen at 3 weeks 
of age on September 7, 1954. The pregnancy and 
labor were normal and the birth weight was 6 lb. 14 
oz. The complaints were difficulty with feeding, 
vomiting, failure to thrive, and excessive sweating. 
Physical examination revealed a dyspneic infant 
with profuse sweating and pronounced subcostal re- 
traction. The face and extremities were cyanosed. 
The blood pressure was 80/50, pulse 180, and respi- 
ratory rate 80 per minute. Femoral pulses were pal- 
pable. Jugular venous pressure was elevated to the 
angle of the jaw. The liver was enlarged 4 cm. below 
the right costal margin. Peripheral edema and asci- 
tes were not evident. The heart was enlarged clini- 
cally. There were no thrills; a vigorous systolic 
thrust and diastolic shock were palpable in the 
second and third left intercostal spaces. The first 
heart sound was loud. The pulmonic second sound 
was booming. At the apex a blowing systolic mur- 
mur, grade I to II, was heard. No diastolic murmurs 
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Figs. 4 and 5. Left. Case 1. The very large left atrium is demonstrated. Right. Case 1. Demonstrates 
the stenosed mitral valve and marked thickening of the left atrial endocardium. 


were audible. After the heart rate had been slowed 
by digitalis the first heart sound was noted to be 
split as was the pulmonic second. A fourth heart 
sound became audible. The cyanosis disappeared 
and was replaced by pallor. 

Roentgenograms showed cardiomegaly (cardio- 
thoracic ratio (63 per cent) with right ventricu- 
larand right atrial enlargement, double cardiac 
density, and pulmonary plethora. Isolated left atrial 
enlargement was noted in the right anterior oblique 
film. The electrocardiogram showed marked right 
ventricular hypertrophy with tall P waves in lead II 
and V, (fig. 6). Phonocardiography showed a sys- 
tolic murmur, a presystolic gallop, and a fourth 
heart sound. 

Cardiac catheterization was performed at 7 weeks 
of age under general anesthesia. The pressure find- 
ings are recorded in table 1. Unfortunately, all the 
blood samples were hemolyzed, except that from the 
axillary artery. Despite numerous attempts, the 
catheter did not enter the descending aorta. Even 
under rectal pentothal anesthesia the axillary artery 
sample showed a nearly normal oxygen content, 
which excluded a large right-to-left shunt. The 
marked increase in right ventricular pressure over 
systemic arterial pressure indicated an intact ven- 
tricular septum. The elevated pulmonary capillary 
pressure was compatible with an obstruction at the 
mitral valve. A tentative diagnosis of congenital iso- 
lated mitral stenosis was made. 

Angiocardiography was carried out at 3 months 
of age. Under general anesthesia 12 ml. of 70 per cent 
Diodrast was injected into the superior vena cava 
through a polythene catheter (figs. 7 and 8). The 
first film taken 3 seconds after the injection outlined 
the right atrium, right ventricle, and pulmonary 


artery. The subsequent films showed the dye return- 
ing from the lungs into a large left atrium and fune- 
tioning left ventricle (fig. 7). The last film, (2 min- 
utes after the injection), showed the left ventricle 
practically free from dye with the left atrium still 
full of contrast medium (fig. 8). The above features 
indicated a tight mitral stenosis. 

In view of the presence of congestive cardiac fail- 
ure at 3 weeks of age and ultimate poor prognosis, 
mitral valvotomy was performed on November 16, 
1954. The patient was 3 months of age at this stage 
and weighed 7 lb. At thoracotomy the left lung ap- 
peared normal, but there was gross cardiac enlarge- 
ment. The pulmonary artery felt exceptionally tense, 
but the aorta was small and of low tension. The left 
atrium, anterior to the pulmonary veins, was mark- 
edly enlarged. Through a left atrial incision the sur- 
geon felt the mitral orifice to be rounded with nei 
ther irregularity, commissure, nor palpable regurgi- 
tation. The tip of the finger was pushed through the 
narrowed orifice with immediate, audible, splitting 
to admit the finger almost to the first knuckle. No 
regurgitation had ensued and it was estimated that 
the orifice, originally of a diameter of less than 
lg em., was opened to about 2 em. The pulmonary 
artery pressure was then markedly reduced, the 
aortic pressure felt increased, and no systolic thrill 
was felt at the back of the atrium. The child’s con- 
dition appeared excellent at the end of the proce 
dure. 

Clinical Course. The profuse sweating disappeared 
soon after the operation and she steadily gained 
weight, reaching 16 lb. 2 oz. at 16 months of age. 
Three bouts of congestive cardiac failure occurred 
from January to August 1955, each associated with 
an acute bacterial infection. Digitalis, Diamox, and 
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Fic. 6. Case 2. Electrocardiogram showing right 
ventricular hypertrophy and tall P waves in leads 


Il, IT, and V,. 


mercurial therapy was finally stopped in August 
1955, and the patient has since been well. A recent 
bacterial infection did not result in congestive fail- 
ure. At the time of writing she has progressed nor- 
mally, and can walk and say a few words. The physi- 
cal findings have altered. There is no evidence of 
congestive cardiac failure. The systolic thrust and 
diastolic shock in the pulmonary area are much less 
prominent and the pulmonary second sound, al- 
though loud, is no longer booming. The apical sys- 
tolie murmur has increased in intensity to grade ITT. 
There are no diastolic murmurs and the fourth heart 
sound is no longer audible. The x-ray findings of the 
heart are unchanged. The electrocardiogram still 
shows marked right ventricular hypertrophy, but 
the P waves have decreased in height and the left 
\entricular R wave in V¢ is more prominent. The 
operation has undoubtedly prolonged her life. 


DISCUSSION 


The main features of all the cases of isolated 


TABLE 1.—Results of Cardiac Catheterization in Case 2 


Blood 

oxygen 
saturation 
per cent 


Blood pressure 
(mm. Hg) 


Left pulmonary artery..| 100/48 (64 mean) | 
Main pulmonary artery .| 100/44 

Pulmonary capillary. ...| 20 mm. systolic | 
Mid right ventricle..... 98/8 

Mid right atrium 5 mm. (mean) 


Asillary artery. ........<- -| 68/54 | 89 


congenital mitral stenosis reported in the 
literature together with our 2 cases are detailed 
in table 2. Symptoms frequently commence 
at birth but may be delayed until 2 years of 
age. Failure to thrive and dyspnea were noted 
soon after birth in our 2 patients and are com- 
mon to most of the described cases. Congestive 
cardiac failure with cardiomegaly, apical 
systolic murmur, and accentuated pulmonic 
second sound are the most common physical 
signs. Persistent cyanosis is not a feature. 
Temporary cyanosis was present on admission 
in both our cases but disappeared after digi- 
talization. X-ray examination reveals cardio- 
megaly, pulmonary plethora, left and usually 
right atrial enlargement together with right 
ventricular hypertrophy. The electrocardio- 
gram shows marked right ventricular hyper- 
trophy together with either left or right or 
combined atrial hypertrophy. Angiccardi- 
ography is diagnostic. The enlarged left 
atrium retains the dye for an abnormally long 
time because of the obstruction offered by the 
stenosed mitral valve. In our case 2 the con- 
trast medium was still demonstrable in the 
left atrium 2 minutes after its injection into the 
axillary vein, yet the left ventricle was com- 
pletely devoid of dye. Intracardiae or extra- 
cardiac shunts are not present. Cardiac 
catheter findings comprise elevated pulmonary 
artery and pulmonary capillary pressures. 
Clinical diagnosis is suggested by the above 
symptoms and signs. Other forms of acyanotic 
congenital heart disease may present similar 
findings. Patent ductus arteriosus, ventricular 
septal defect, including the EKisenmenger com- 
plex, and atrial septal defect are easily differ- 
entiated by cardiac catheterization. The 
presence of isolated left atrial enlargement 
excludes primary pulmonary hypertension. In 
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Figs. 7 and 8. Left. Case 2. Angiocardiogram 20 seconds after injection shows the dye returning 
from the lungs into a large left atrium and definite left ventricle. Right. Case 2. Film taken 2 minutes 
after injection shows the left ventricle practically free from the dye with the left atrium still full of 
contrast medium. 


TaBLE 2.—The Salient Symptoms, Signs, and Investigations in Ten Cases of Isolated Congenital Mitral Stenosis 


: ; | Angio 
Symptoms Signs X-ray ECG | cardio- 
| gram 


Onset of 
symptoms |! 
(months) 


Blood 
Pres- 
sure 


No., age and 
reference no. 


second sound 


Accentuated pulmonary 
Apical systolic murmur 
Apical diastolic murmur 
Enlarged right ventricle 


Enlarged right artium 


Right ventricle hyper 


trophy 


Failure to thrive 
Cyanotic attacks 
Congestive failure 
Gallop rhythm 
Cardiomegaly 
Pulmonary vasculature 
Enlarged left atrium 


Dyspnea 
Atrial hypertrophy 


| Cardiomegaly 


| 


a 

19 months? Birth 
2. 

24 months® 10 
3. 

4 months® Birth 
4, 

30 months? 24 125/90 
5. 

16 months® 
6. 

916 months? 


‘. 


| 
+. 


2 months? 
8. 

3 months‘ 116 
2: 

3 months Birth 110/65 
10.* 

3 weeks Birth +) 80/50 


* Our 2 cases. 
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TABLE 3.—Catheterization and Operative Data 


Cardiac catheterization 


| | eee ee ee fr a Age at 
Right-to-left | Left-to-right | ood | Elevated pulmonary | . | | ena 
shunt aire | pressure capillary pressure operation Result 


(mm. He) | (mm. Hg) (months) 


16 
0.5 cm. | Died 36 hours 944 
| postop. 2 
| Died 6 weeks| 5% 
postop. 4 
Alive 16 months | Alive 
postop. 


Abs.f Abs. 67 





Abs. Abs. | 50/18 25/13 1.0 em. | 


20 mm. (syst.) 


| Abs. Abs. | 100/48 0.5 em. 


| 
| 


* Our 2 cases. 
+t Absent. 


bo 
> 
= 
5 


Fics. 9 and 10. Left. Case 2. Section of the left lingula under low power showing cellular infiltrate 
and thickened media of the pulmonary arterioles. Right. Case 2. High power showing thickened media 
and prominent internal and external elastic laminae of the pulmonary arterioles. There is no evidence 
of endarteritis. 


our case 2, the diagnostic possibility of con- 
genital mitral stenosis was suggested by the 
catheter findings of severe pulmonary hyper- 
tension and raised pulmonary capillary pres- 
sure in the absence of intracardiac or ex- 
tracardiac shunts. Angiocardiography was 
considered mandatory and revealed the pre- 
sence of severe mitral stenosis. 


The pathologic changes in the mitral valve 
are uniform. It is usually thickened, hard, 
nodular, and white with a pearly semitrans- 
lucent appearance. It may be semicarti- 
laginous in consistency. The chordae tendineae 
are thickened, shortened, and fused. The valve 
aperture is extremely small even during life: 
the diameters in the 3 operated cases were 0.5 
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em. in 2 and 1 em. in 1. The endocardium of 
the left atrium and right ventricle frequently 
shows thickening due to fibroelastosis. The 
capillaries in the lung are usually distended 
and the alveoli may contain heart-failure cells 
characteristically seen in cases of severe ac- 
quired mitral stenosis. Medial hypertrophy of 
the pulmonary arterioles has been described in 
7 cases of congenital mitral stenosis. Three 
cases exhibited persistence of the fetal state 
of the arterioles. No single instance of intimal 
thickening of the pulmonary vessels has been 
recorded.! The biopsy of the left lingula re- 
moved at operation in our case 2 showed similar 
findings (figs. 9 and 10). However, we are 
unable to account for the striking cellular 
infiltrate of the peribronchiolar connective 
tissue, respiratory bronchioles, and alveolar 
ducts. 

In view of the poor prognosis—8 out of 9 
children dying before the age of 2 years—the 
question of surgery warrants consideration. In 
rheumatic heart disease one is dealing with 
acquired pathology imposed upon a normal 
valve, whereas in congenital mitral stenosis the 
valve structure is congenitally distorted. In 
some cases of acquired mitral stenosis val- 
votomy results in restoration of normal func- 
tion by the separation of the fused segments of 
the valve cusps, the valves themselves being 
otherwise relatively normal; on the other hand, 
congenital mitral stenosis is the result of a 
developmental malformation of the entire 
valve and commissurotomy will do no more 
than enlarge the stenosed aperture without 
restoring valve function. Hence the stenosis 
must be partly replaced by incompetence, and 
both structure and function remain abnormal. 
The operation is indicated only in the presence 
of a functioning left ventricle. Since her opera- 
tion, our patient has had 3 bouts of congestive 
cardiac failure associated with bacterial infec- 
tion. Between these bouts she was in mild 
failure and required maintenance digitalis and 
mercurial or Diamox therapy. For the past 6 
months all treatment has been discontinued 
and she has remained well. We feel that 
valvotomy has definitely prolonged her life. 


SUMMARY 


Two cases of isolated congenital mitra 
stenosis are described, both of which presented 
with congestive cardiac failure before the ag: 
of 3 months. The physical examination wa 
inconclusive. The diagnostic possibility 
congenital mitral stenosis was suggested b 
the catheter findings of severe pulmonar 
hypertension and raised pulmonary capillary 
pressure in the absence of intracardiac o1 
extracardiac shunts. Angiocardiography wa: 
diagnostic. The left atrium in 1 case remaining 
full of contrast medium after the left ventrick 
had emptied. 

One patient was subjected to surgery at 
the age of 3 months. She is alive 16 months 
after mitral valvotomy. 
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SUMMARIO IN INTERLINGUA 


Es describite duo casos de isolate congenite 
stenosis mitral. Ambes esseva presentate con 
congestive disfallimente cardiac ante le etate 
de 3 menses. Le examine physic esseva indecise. 
Le possibilitate de congenite stenosis mitral 
esseva suggerite per le constatation catheteric 
de sever hypertension pulmonary e de elevate 


pressiones pulmono-capillari in le absentia de 


derivationes intra- 0 extracardiac. Le diagnose 
esseva establite definitivemente per medio de 
angiocardiographia. In un caso le atrio sinistre 
remaneva plen de substantia de contrasto 
post que le ventriculo sinistre esseva vacuate. 

Un del patientes esseva subjicite a un opera- 
tion chirurgic al etate de 3 menses. Illa vive 16 
menses post valvotomia mitral. 
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Chronic discoid lupus erythematosus has been regarded as primarily a skin disease with rare 
systemic manifestations. In order to determine the truth of this statement the authors studied a 
series of 41 patients with chronic discoid lupus erythematosus. The patients were divided into 2 
groups: the localized discoid form, with skin lesions above the chin, and the generalized discoid 
form with cutaneous involvement on the face and elsewhere. Sixteen of the 26 patients (62 per 
cent) of the localized discoid group had evidence at some time in the course of their illness of ar- 
thritis, fever, Raynaud’s phenomenon, pleurisy, or other systemic changes by history and physical 
examination alone. Fourteen of the 15 cases of generalized discoid disease had such changes. If, 
in addition, laboratory abnormalities such as leukopenia, elevated sedimentation rate, hyper- 
globulinemia, or abnormal flocculation tests were considered, then 24 of the 26 with localized 
discoid disease and all 15 of the generalized discoid group showed such changes. Therefore, there 
was evidence of systemic involvement in 96 per cent of this group of patients with chronic dis- 
coid lupus. Three different modes of onset of discoid lupus were found. Thirty-three patients (72 
per cent) had cutaneous changes initially, followed, in 45 per cent of this group, by rheumatoid- 
like arthritis. Seven patients had rheumatoid arthritis prior to the appearance of discoid lesions. 
The classification of lupus erythematosus is an arbitrary one. There are many transitions be- 
tween the types. In this report it is shown that discoid lupus, from its inception, is a systemic 
disorder that is a variant of the more malignant acute disseminated form. The “benign’’-appearing 
cutaneous lesion may be a herald of advanced systemic manifestations which may be present at 
the same time or at a later date, when the skin changes have healed. Therefore, all patients with 
discoid lupus erythematosus should have a thorough general medical survey. The form of therapy 
instituted depends entirely upon the extent of the disease. 
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Biochemical Observations of Human Atheromatosis 


Analysis of Aortic Intima 


By Nancy L. Nosue, Px.D., Rospert J. Boucex, M.D., anp Kunc-Y1ne Tane Kao, M.D., Pu.D, 


Atherosclerosis develops chiefly in the intima of the artery. Biochemical changes associated with 
atheromatosis were studied serially in human aortic intima by a gross division of the intima into 
normal tissue, early and advanced atheromata. Earliest alterations observed are increases in col- 
lagen concentration and in binding of hexosamine with scleroprotein. Elevation of lipids occurs 
only after development of the atherosclerotic lesion. There appear to be more biochemical altera- 
tions in female intima with atheromatosis and age than in male tissue. Calcium concentration does 


not increase with age in normal intimal tissue. 


HE approach to the study of atheromatosis 

has been through gross and histopathologic 
observations, by histochemical studies, and by 
determinations of biochemical constituents of 
aortas. However, no attempt has been made to 
study in a serial manner the biochemical 
changes produced by atheromatosis as_ it 
develops in the human aorta. 

The effects of aging on an artery have been 
investigated in a sketchy manner. To be cer- 
tain, important observations have been made 
on the histopathology of aging and, more 
recently, Lansing and co-workers! have ana- 
lyzed the media of the human aorta as it is 
influenced by aging. However, too frequently 
the attrition to the artery by aging is confused 
with the disease process of atherosclerosis. 
Pathologists in general and many research 
workers in the field make a distinction between 
arteriosclerosis and atherosclerosis, but most 
clinicians continue to refer to any arterial 
change as arteriosclerosis. 

Atherosclerosis occurs chiefly in the intima 
of the artery. In this study therefore, the 
intimas of human aortas were stripped from 
the underlying media and subjected to chemical 
analyses. The following report quantitates a 
number of biochemical events that occur in the 
normal intima and in the early and advanced 
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atheromatous areas. When possible, these 3 
areas were obtained from the same aorta for 
study and comparison. 


METHODS 

Human aortas were obtained at necropsy from 
Negro and white individuals dying without ante- 
cedent illnesses of a protracted nature. Aortas from 
37 males (age range from stillborn term-infant to 94 
years) and 23 females (31 to 94 years) were used in 
this investigation. Upon removal, the aorta was im- 
mediately frozen and kept at —20 C. For the isola- 
tion of the intima the aorta was thawed and with 
the aid of a dissecting glass, fine forceps, and an 
ophthalmic spatula, the cleavage plane between the 
intima and media was located. Usually this was more 
readily accomplished in the aortas of the males and 
at the level of the lower thoracic or abdominal areas. 
The intima of the ascending aorta was more difficult 
to isolate. 

Gross division of each intima into normal tissue 
and early and advanced atherosclerotic tissue was 
made when possible. Early areas consisted of thick- 
ened, white-yellow areas located usually at the site 
of the origin of an intercostal artery or at bifurcation 
of arteries. Yellow-golden areas were separated from 
the media when possible and classified as advanced 
atheromata. Normal intima or intima containing an 
early atheromatous lesion was readily identified and 
separated. In the advanced atheromatous area, an 
anatomic separation of intima and media was 
difficult, since the atherosclerotic lesion encompassed 
both regions of the artery completely or partially. 

Thus, from each aorta at least 1 and usually 2 or 
3 areas were obtained for comparative studies. 
After identification and isolation of the areas, the 
resected intima was washed by spraying with physio- 
logic saline, blotted, and refrozen until analyzed. 

The frozen tissue was crushed and then homogen- 
ized in physiologic saline as previously described,?’ * 
so that a saline-soluble fraction and a saline-insoluble 
fraction, the scleroprotein portion,’ were isolated. 
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Hexosamine 
Sex 
Tissue area 


| Saline- 
| Soluble 


| 0.066 
| +0.017* 


Saline- 
Insoluble 
Female 

Normal (N) 0.042 
+0.015 


| 0.046 
| +0.016 
(6)t (6) | (6) 

0.064 | 0.051 | 0.048 
+0.027 | +0.032 | +0.015 
i | et 
| 0.046 | 0.046 


Advanced Ath- | 0.066 | 
eromata (A) | +0.025 | +0.026 | 40.015 | 
(10) (10) 


Karly Athero- 
mata (E) 


(10) | 


QE: WE 
p=0.02 


9E:cE 
p<0.05 


Male 
Normal (N) 


| 
| 


0.067 | 0.029 0.034 
+0.025 +0.001 | +0.006 

(10) | (3) | (4) 
Karly Athero- 0.078 0.024 | 0.031 
mata (E) | +0.037 | 40.008 | 40.010 
| (2) | @) | @) 
Advanced Ath-| 0.048 | 0.034 | 0.036 

eromata (A) | +0.026 | +0.016 | +0.015 
(15) (13) 








TABLE 1.—Connective Tissue—Human Aortic Intima (Gm. per Gm. protein) 


| | N:Ap<0.02 


lipid 


| 
Total 


0.178 | 
+0.062 | 
(7) | 
0.296 | 
+0.154 
(8) 
0.519 
+0.086 
(10) 


— ae 
E:Ap<0.01 | 
N:Ap<0.001 | N:Ap<0.001| N:Ap<0.02 | N:Ap<0.001 


0.224 
+0.138 
(6) 

0.336 
+0.194 
(9) 

0.502 
+0.219 
(10) 


Total 
cholesterol 


0.061 
+0.034 
(7) 

0.115 
+0.073 
(8) 

0.236 
+0.055 
(10) 


E:Ap<0.01 


0.067 
+0.075 
(6) 

0.123 
+0.086 
(10) 

0.215 
+0.108 
(12) 





* Standard deviation of mean. 
t+ Number of determinations. 


In the determination of the hexosamine concentra- 
tion in the aortic intima, both the saline-soluble and 
the bound saline-insoluble forms were determined. 
The scleroprotein of the intimal tissue was incubated 
with testicular hyaluronidase (300 viscosity units) * 
for 3 days under toluene at 37.5 C. in acetate buffer 
pH 5.2, containing 0.15 M sodium chloride.‘ Total 
hexosamine was determined by a modification of the 
method of Elson and Morgan‘ on the saline-soluble 
fraction, the supernatant and the residue from the 
hyaluronidase incubation. The total hexosamine 
value was obtained by adding the concentrations for 
the 3 component fractions. 

Samples of intimal tissue were extracted with hot 
3:1 aleohol-ether, and total cholesterol® and total 

pid were determined on the extract. The analysis 
x total lipid was made gravimetrically or turbidi- 
ietrically by a modification of the turbidimetric 
iethod for serum.’ Total protein was determined on 
ie saline-soluble and saline-insoluble fractions of 


* Alidase (a brand of hyaluronidase) was gra- 
iously supplied by G. D. Searle & Co. 


E:Ap<0.05 


| 


Cholesterol 
Total Lipid 


32.23 
+7 .66 
(7) 
35.58 
+9.05 
(8) 
43.43 
+3.99 

(9) 


23.45 
+14.52 
(6) 

35.36 
+9.16 
(9) 
48 .33 
+9.95 
(9) 


| E:Ap<0.05 | E:Ap<0.02 
| N:Ap<0.001| N:Ap<0.01 


| 
Other 
xX 100 | 


lipids 


0.118 
+0.030 
(7) 

0.182 
+0.084 
(8) 

0.293 
+0.052 
(9) 


| E:Ap<0.01 


0.157 
+0.064 
(6) 

0.211 
+0.108 
(9) 

0.240 
+0.104 
(9) 


proline, glycine, and proline, and for total protein 
the tissue, and analyses for the amino acids, hydroxy- 
were made on the dried fat-free tissue by pro- 
cedures previously described.’ 

The calcium concentration of the areas of intimal 
tissue was determined on the hydrochloric acid 
hydrolysate of the fat-free tissue after ashing and 
precipitation as the oxalate by modifications of the 
methods of Biedermann and Schwarzenbach’ and of 
Grette.° 

Results for each area of aortic intimal tissue were 
pooled for each sex, regardless of race, and are ex- 
pressed on the basis of protein concentration. 

RESULTS 

The saline-soluble, saline-insoluble, and total 
hexosamine concentrations in the 3 human 
intimal areas are given in table 1. Since the 
hexosamine concentration of the supernatant 
from the hyaluronidase incubation was appar- 
ently constant, the values for this hyaluroni- 
dase-susceptible fraction and the residue from 
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the incubation were combined and termed 
“saline-insoluble” hexosamine. In the pooled 
and meaned data of table 1 there are only 2 
significant differences among the saline-soluble, 
saline-insoluble, and total conce.trations of 
hexosamine in the 3 intimal areas of either sex. 
The early atheromatous lesion of the female 
aortic intima has significantly greater concen- 
trations of saline-insoluble and total hexosa- 
mine than a comparable area of the male (p < 
0.05 and p = 0.02 respectively). However, if the 
different areas from the aorta of a single indi- 
vidual are compared, there is an apparent 
decrease in the saline-soluble form of hexo- 
samine, a rise in the saline-insoluble hexos- 
amine, and an increase in the total concentration 
with atheromatosis (table 2). In view of the 
increase noted in total hexosamine concentra- 
tion with the concomitant decrease in saline- 
soluble hexosamine, the relative rise in the 
saline-insoluble hexosamine is greater than it 
would appear to be on an absolute basis. These 
changes occur in both female and male intimal 
tissue. 

The results of the lipid analyses are presented 
in table 1. Both total cholesterol and total lipid 
are significantly elevated in the advanced 
atheromatous areas of female aortic intimas 
when compared with either normal tissue or 
sarly atheroma. The only lipid component of 
the male tissue that is elevated in the atheroma 
is cholesterol. In the atheromatous areas of the 
male and female intima, the percentage of total 
lipid that is cholesterol is significantly greater 
than in the grossly normal area. Furthermore, 
when the cholesterol concentration was sub- 
tracted from the total lipid value so that the 
concentration of other lipids, presumably 


TaBLe.2.—Connective Tissue—Human Aortic In- 
tima, Variations in Hexosamine Concentration with 


Atheromatosis 


Saline- 
Insoluble 
Total 


Saline- Saline- Total 


Se : 
—_ Soluble Insoluble 


Female 
Decreased 
Increased 

Male 
Decreased 
Increased 


phospholipid and neutral fat, was obtained and 
correlated with degree of atherosclerosis, 
significant rise in lipids other than cholestero! 
was found only in the tissue of the female. 

There are no significant differences in th: 
total protein concentrations of the saline 
soluble and saline-insoluble fractions or in th: 
total value for the 3 tissue areas of either se. 
(table 3). However, the concentrations ot! 
hydroxyproline and glycine, characteristic 
amino acids of collagen, increase with athero 
matosis. Hydroxyproline is significantly ele 
vated in the early and advanced lesions oi 
female tissue and in the advanced atheroma oi 
the male, and glycine, in the early atheroma o! 
the female and in the advanced lesion of th« 
male. 

The only significant change in calcium con- 
centration with atheromatosis is an elevation 
in the advanced atheroma of the male. This 
alteration is not apparent in the female tissue. 

In correlative studies of biochemical changes 
in the different areas of human aortic intima 
with age, very few significant alterations were 
observed. Normal intimal tissue from a young 
person is generally similar in biochemical com- 
position to that from an elderly person. The 
only significant variations with age in normal 
tissue are a positive correlation for Gm. per 
cent cholesterol (r = 0.69, p < 0.05) and a 
negative correlation for glycine (r = —0.67, 
p < 0.05) in the male. A general biochemical 
similarity, regardless of age, also appears to 
exist between the tissues representing the 2 
stages of atherosclerotic lesions. In the athero- 
sclerotic tissue, however, there seems to be 
more correlation between biochemical compo- 
sition and age than in normal tissues. In the 
advanced atheroma, Gm. per cent total lipid 
(r = 0.67, p < 0.05), hydroxyproline (r = 0.80, 
p < 0.01), glycine (r = 0.79, p < 0.02) and 
calcium (r = 0.97, p < 0.02) increase with 
age in the female while proline increases with 
age in the male (r = 0.64, p < 0.02). The 
only significant change in the early atheroscle- 
rotic area with age occurs in female tissue, 
i.e., total lipid (r = 0.72, p < 0.05). 

A comparison of the absolute biochemical 
composition of the 3 tissue areas of the male 
and female aortas indicates that intimal tissue 
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TABLE 3.—Connective Tissue—Human Aortic Intima 












































Sex Total sake Gm. per _ Glycine _ Proline Hydroxyprolin _ Calcium 
ire eae a ——| Gm./100Gm. | Gm./100 Gm. Gm./100 Gm. Gm./100 Gm. 
Saline- _ Saline- Total protein protein protein protein 
soluble insoluble 
Female 
Normal (N) 3.08 10.65 | 14.81 14.83 10.80 3.52 1.24 
+1.08* | 41.91 | +3.87 +2.41 +6.11 +1.14 +0.50 
(6)t (5) (7) (4) (6) (6) (6) 
Karly Atheromata (E) 2.88 10.28 12.94 18.36 11.63 5.21 1.01 
+0.41 | 41.88 | +1.61 +2.02 +1.92 +1.07 | +0.55 
(8) (8) (9) (5) | (8) (8) (6) 
Advanced Athero- 3.12 10.76 | 13.78 19.25 12.90 5.88 | 2.62 
mata (A) +1.56 | +2.33| 41.61) 44.73 | +8.30 +1.06 | +2.38 
| (10) (10) (11) (8) (7) | (10) (5) 
| | N:Ep<0.05 |QE:7E | N:Ep<0.02 
| p<0.05 N:Ap<0.001 
Male 
Normal (N) | 2.24 | 13.40] 16.20 17.48 14.50 | 3.92 1.25 
| 0.74 | 45.89 | +£5.47 +6.35 | +3.55 | +094 | +0.63 
| (12) | (5) | (6) (9) (8) | (11) | (9) 
Early Atheromata (I) 2.57 11.71 | 14.04 14.20 | 15.85 | 4.76 1.08 
+£0.46 | +3.53 | 43.41 +5.01 | +£4.67 | +1.09 +0.60 
} (13) | (0) | (1) (9) | (7) (11) (8) 
Advanced Athero- | 2.56 | 12.17] 14.77 | 20.26 | 16.22 | 6.23 4.02 
mata (A) | +0.69 | +1.97| 41.72} 46.56 | 43.96 | 1.14 | \ +£1.91 
ee) (13) (15) (18) | (14) | (20) | (5) 
| | 
3:Ap<0.05 | | E:Ap<0.001 | E:Ap<0.01 
| 





| N:Ap<0.001 | N:Ap<0.01 





*Standard deviation of mean. 
t Number of determinations. 


of the male and female is not significantly 
different. As stated above, the early lesion of 
the female intima has a greater concentration 
of both saline-insoluble (p < 0.05) and total 
(p = 0.02) hexosamine than the same area of 
the male. Proline concentration is greater in the 
early atheroma of the male (p < 0.05) than in 
the comparable area of the female. 


DIscussION 


The genesis of human atheromatosis is most 
elusive, since it appears to be related to few 
significant biochemical changes in _ aortic 
intimal tissue. A graphic summary of these 
alterations is given in figure 1, in which the 
relative mean concentrations of total lipid, 
cholesterol, total protein, 3 amino acids, and 
total hexosamine of normal intima, early and 
advanced atheroma are drawn to scale. It is 


apparent that the bulk of the tissue solids is 
protein (15 Gm. per 100 Gm. wet weight) 
while the total lipid concentration is about 
one fifth this value (8 Gm. per cent) in the 
normal intimal area. 

Total carbohydrate concentration was not 
determined. However, the mean total hexos- 
amine remains unchanged with the develop- 
ment of atheromatosis. The component parts 
of the total hexosamine, the saline-soluble, and 
the saline-insoluble, likewise are not altered in 
mean value. 

The concentrations of total protein are rela- 
tively constant in the 3 areas of human aortic 
intima. Yet a real change occurs in the nature of 
the protein as the atheromatous lesion pro- 
gresses from the early to the advanced state. 
Hydroxyproline is significantly greater in the 
advanced atheroma than in normal tissue or in 
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Norma, intima Barly Atberom Advanced Atherume 


Fic. 1. Changes with atheromatosis in the con- 
nective tissue of the human aortic intima. 


the early atheroma. Glycine concentration also 
increases with atheromatosis. 

As expected, alterations in the lipid com- 
ponents of connective tissue were observed in 
atheromatous intimal tissue. In the ulcerative 
advanced atheroma, total lipid and total choles- 
terol are significantly elevated. 

The earliest significant biochemical changes 
observed in atheromatosis, however, are the 
increases in hydroxyproline and glycine concen- 
tration in the female intimal tissue. No other 
biochemical component was found to be altered 
in the early atheroma of either sex. It is only 
after the development of the early lesion that 
lipid aberrances occur or that calcium concen- 
tration is significantly elevated. 

When areas of the aortic intimal tissue from 
a single individual are compared, a greater 
amount of the total hexosamine appears to exist 
in a bound state in the atheromatous area than 
in the normal tissue. This alteration in the 
physical state of hexosamine from a mucopoly- 
saccharide that is soluble in saline to one that 
is not may represent a significant and primary 
event in the ground substance or scleroprotein 
of intimal connective tissue in the genesis of 
atherosclerosis. 


The apparent change in the physical state of 
hexosamine may be related to the change ob- 
served in the nature of the protein as the 
atherosclerotic lesion progresses. The difference 
between the hydroxyproline concentrations of 
the normal tissue and the advanced atherom- 
atous areas represents an increase in the 
collagen concentration of total protein from 28 
to 46 per cent. A concomitant rise in ‘‘bound”’ 
and total mucopolysaccharide might be ex- 
pected to accompany this increase in sclero- 
protein if mucopolysaccharides, in particular 
chondroitin sulfate, exist in combination with 
collagen as proposed by Bowes!®:!' and 
Highberger and co-workers.” 

The development of a firmness and hardness 
of intimal tissue, which is grossly observed in 
the process of atherosclerosis, is probably 
related to the modification of the protein to 
more “‘sclero” type. It also may result from a 
partial dehydration phenomenon or it may 
represent polymerization or copolymerization 
of the connective tissue protein. 

The effect of age of the individual per se upon 
the biochemical characteristics of intimal tissue 
studied is almost negligible. However, it should 
be pointed out that the mean age of the group 
of individuals studied was high, i.e., 60 years, 
so that the data are weighted in the older age 
bracket. More changes in intimal tissue bio- 
chemistry with age may occur than are appar- 
ent in this study. 

In spite of the high mean age of both the 
male and female group, it is of interest to note 
that the constituents of female intimal tissue 
appear to be more subject to alteration with age 
than those of male tissue. The first change 
observed in the development of atheromatosis 
also occurs in female tissue, i.e., significant 
increases in hydroxyproline and glycine con- 
centrations in the early lesion. It would appear 
that female connective tissue is more respon- 
sive, but perhaps, the male tissue responded at 
an age earlier than was represented in our 
analyses. The relationship of such lability of 
intimal tissue, as observed in the female, to 
atherosclerotic lesions remains to be elucidated. 

From the reported data it is apparent that 
total lipid and cholesterol concentrations do not 
necessarily parallel each other as the athero- 
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sclerotic lesion progresses from the early to the 
advanced state. Female connective tissue ob- 
tained from the human aorta has significant 
elevations of cholesterol and other lipids with 
atheromatosis. In the intimal tissue from the 
aortas of males, the cholesterol rise constitutes 
the only significant lipid elevation of an 
atheroma. Thus, it seems that a total lipid 
increase in the tissue is not an early or even an 
essential event in the development of an 
atheroma. It should also be noted that choles- 
terol accumulation in connective tissue occurs 
late in the process of atherosclerosis. 

Another interesting finding is the apparent 
difference between the relationship of calcium 
concentration of the intimal connective tissue 
and of the media elastic connective tissue to 
age. Lansing and co-workers! reported a sig- 
nificant positive correlation between calcium 
concentration in the media of human aortas 
and advancing age. This could well be the 
origin of Monckeberg’s sclerosis, a process 
entirely different from atherosclerosis. Yet in 
the intima such a relationship does not exist. 
Only the female tissue of an advanced atheroma 
has a significant increase in calcium with age of 
the individual. 

These findings seem to suggest that few bio- 
chemical changes occur in the early develop- 
ment of atheromatosis. Perhaps the physico- 
chemical composition of the connective tissue 
of the intima is altered early and this may 
represent the initial event in the process of 
atherosclerosis. 


SUMMARY 


The earliest biochemical alterations observed 
in the connective tissue of human intima with 
atheromatosis are an increase in the concentra- 
tion of collagen and an increase in the binding 
of hexosamine with scleroprotein, i.e., collagen 
or elastin. 

No significant elevation of lipids occurs in the 
early atheromatous areas of the intima. 

Total lipid is significantly increased in the 
advanced atheromatous areas of the male and 
female intimal tissue. However, in the male, 
the increase in lipid is due only to a significantly 
elevated cholesterol concentration while both 
cholesterol and other lipids are significantly 


elevated in the advanced atheromatous areas 
of the female tissue. 

The age of the patient does not significantly 
affect the biochemistry of the normal tissue, 
early or advanced atheromatous areas of the 
intima. Normal and atheromatous areas of the 
younger individuals are not generally different 
from similar areas obtained from older persons. 

Calcium concentration does not rise signifi- 
cantly in the normal intimal tissue with age. 
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SUMMARIO IN INTERLINGUA 


Le prime alterationes biochimic observate 
in le histos conjunctive del intima human in 
casos de atheromatosis es un augmento del 
concentration de collageno e un augmento del 
ligation de hexosamina con scleroproteina, 
i.e. collageno o elastina. 

Nulle elevation significative de lipidos oc- 
curreva in le prime areas atheromatose del 
intima. 

Le nivellos de lipido total es elevate signifi- 
cativemente in avantiate areas atheromatose 
de histos intimal ab masculos e femininas. 
Tamen, in masculos Je augmento lipidic re- 
flecte solmente un elevation significative del 
concentration de cholesterol, durante que 
tanto le cholesterol como etiam le altere lipidos 
es elevate a grados significative in avantiate 
areas atheromatose in histos feminin. 

Le etate del patiente exerce nulle effecto 
significative super le biochimia del intima 
normal o de areas intimal con atheroma pre- 
coce 0 avantiate. Normal e atheromatose areas 
in juvene individuos non diffre generalmente 
ab simile areas in personas de plus alte etates. 

Le concentration de calcium in le intima 
normal non accresce significativemente con 
le avantiamento del etate del subjectos. 
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This report is concerned with observations made on 78 patients with grade 3 and grade 4 hyper- 
tension according to the Keith, Wagner, and Barker classification and treated with the newer 
hypotensive agents. Fifty-six patients with grade 3 hypertension were treated from 4 to 31 months. 
Fifty-three of these patients had a significant drop in blood pressure and 34 showed improvement 
in the fundi. Forty-two patients of this group were alive at the time of the report. Twenty-two 
patients with grade 4 hypertension were treated. Sixteen of this group showed a significant drop 
in blood pressure. Thirteen of these patients survived the period of observation. The authors 
point out that carefully controlled dosage is necessary with these drugs, and this can be accom- 
plished best by beginning treatment in the hospital and teaching patients to take and record their 


blood pressure at home. 
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Cardiovascular Disturbances in Chronic Severe Anemia 


By L. M. Saneuvi, M.R.C.P., R. Sarma, M.D., anv 8. N. Misra, M.B.BS. 


Cardiovascular disturbances in 60 patients with chronic severe anemia have been studied. Although 
in a majority the classical hyperkinetic syndrome of anemia was seen, 40 per cent of the patients 
showed a different pattern that was characterized by absence of tachycardia, comparatively di- 
minished velocity of the blood flow, and a normal or diminished cardiac output even in the presence 
of congestive failure. Other differences in the manifestations have been evaluated. No cause could 
be discovered for this difference and for the high incidence of congestive failure seen in this series. 


XCELLENT studies of cardiovascular dis- 
turbances in anemia have already ap- 
peared in the literature. Most of the investi- 
gators have consistently observed tachycardia, 
increased velocity of the blood flow and in- 
creased cardiac output in severe anemia. 
Porter and James,! however, recently pointed 
out that these usual compensatory mechanisms 
may be absent in some chronic cases with rela- 
tively constant hemoglobin levels over periods 
of years. Patients with severe anemia in whom 
the cardiac rate was either normal or very slow 
despite considerable cardiac enlargement or 
congestive failure have been frequently seen 
by us. The present study of cardiovascular dis- 
turbances in chronic severe anemia was there- 
fore undertaken to see if there was any sig- 
nificant difference between patients with 
tachycardia and those without tachycardia. 


MATERIALS AND METHODS 


All patients included in this study were admitted 
to the hospital for treatment of anemia, which was 
responsible for the presenting symptoms and signs. 
This study has been restricted to 60 patients with 
anemia of at least 3 months’ duration and hemo- 
globin values of 8 Gm./100 ml. or less, and in whom 
no other cause for cardiovascular disturbances apart 
from anemia was discernible. There was tachycardia 
with a cardiac rate of 90 or more per minute in 36 
patients, of whom 12 had cardiac failure. The cardiac 
rate was either normal or slow in 24 patients, of 
whom 8 had failure. The more important data at the 
time of admission in these 24 cases are tabulated in 
table 1. 

Hemoglobin varied from 2 to 8 Gm./100 ml., with 
an average of 4 Gm. Anemia was due to chronic 
malaria in 32 patients, ankylostomiasis in 12, bleed- 
ing hemorrhoids in 4, chronic dysentery in 5, and 


uterine bleeding in 3, and was of an unknown 
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etiology in 4 patients. There were 43 male and 17 
female patients; their ages varied from 8 to 50 years, 
with an average of 25 years. With only 5 patients 
above the age of 40 years coincident coronary 
artery disease was unlikely. The age and sex distri- 
bution in the 2 groups of patients with and without 
tachycardia is given in table 2. 

Complete hematologic investigations, including 
bone marrow puncture, were done on admission. A 
12-lead electrocardiogram, fluoroscopic examination 
of the heart chambers and lungs, direct measurement 
of venous pressure, and estimation of circulation 
time by the magnesium sulfate method were done on 
admission and repeated every 2 weeks on the same 
day as the hemoglobin determination. A teleradio- 
gram of the chest was obtained on admission and 
after treatment. Cardiac output was estimated by 
means of a nomogram recently suggested by Jack- 
son.? The heart was considered enlarged if subsequent 
examination on completion of treatment revealed a 
reduction in size. Alterations in the electrocardio- 
gram were considered abnormal if subsequent serial 
tracings showed regression of changes after improve- 
ment in anemia. Minor changes in the amplitude of 
QRS were not considered abnormal. 


RESULTS 

Clinical Manifestations. As a rule, weakness 
and lassitude were the first symptoms to 
appear. Anorexia was the next and was usually 
a prominent complaint. Dyspnea was present 
in 43 patients and depended mainly upon the 
nature of the work or the presence of cardiac 
failure. Some of the females did not complain 
of dyspnea despite very low hemoglobin values, 
since their work was light. Orthopnea was 
present in only 4 patients with cardiac failure. 
Hepatic enlargement was present in 51 patients. 
When due to failure it was characterized by 
more tenderness and rapid regression with 
improvement in anemia, while enlargement due 
to anemia per se usually disappeared only after 
normal hemoglobin level had been reached. 
There was edema of the feet in 38 patients, 
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CARDIOVASCULAR DISTURBANCES IN CHRONIC SEVERE ANEMIA 


TaBLeE 1.—Summary of Findings in Twenty-four Cases without Tachycardia* 


Hgb. | Heart 
Gm. % rate 


Z 
° 


Age & sex 


67 
80 
88 
58 
68 
64 


30 F 
10 F 
30 M 
15 M 
16 M 
50 M 
30 M 
22 M 
25 M 
30 M 
40 M 
20 M 
28 M 
35 M 
30 M 
40 M 
40 F 
50 M 
45 M 
20 M 
30 M 
20 M 
45 M 
20 M 
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* Cases 17 to 24 had cardiac failure. 


generalized anasarca in 9, and ascites in 4 
patients. Anginal pain was not encountered in 
any case. Pleural effusion was present in 6 
patients, 5 of whom did not have tachycardia. 
Koilonychia was seen in 26 patients, 9 of whom 
had normal hydrochloric acid in gastric juice. 

Cardiac Rate. Among 36 patients with 
tachycardia the heart rate varied from 90 to 
125/min. with an average of 105; the averages 
were 110 and 102 respectively for those with 
and without heart failure. Among 24 patients 
without tachycardia the rate varied from 50 
to 88/min., with an average of 67; the averages 
were 60 and 71 respectively for those with and 
without failure. The most significant feature 
was a rate of 60 or less in 5 patients despite 
cardiac enlargement and failure. 

Blood Pressure. The systolic pressure varied 
from 82 to 148 mm. Hg, the diastolic varied 
from 25 to 90 mm. Hg, and the pulse pressures 
were between 28 and 90 mm. Hg. The average 
pressures were 112/50 and 114/67 respectively 
for cases with and without tachycardia. The 


|  Cardio- Venous Circulation | 
B.P. h : : 
mon le thoracic pressure time 
m ratio % Cm. H:0 sec. 


Cardiac 
output 
L./min. 


ne Ee 
90/60 | 56 2 | 18 
98/70 45 13 | 
120/80 | 14 
122/65 46 | 10 
104/42 | 9 | 12 
120/50 | Si |} 15 
125/75 | | 12 
125/75 | | 15 
90/60 | ‘ | 18 
120/65 | ; 4 | 15 
120/75 5 | | 12 
125/75 | ‘ 12 
110/65 13 
110/60 12 
100/60 12 
110/75 12 
140/80 15 
130/85 13 
125/65 12 
148/90 18 
110/55 20 
90/60 23 
105/60 25 
112/64 18 
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TaBLE 2.—Distribution According to the Age 
and Sex of Thirty-six Patients with and Twenty-four 
without Tachycardia 


No. without 
tachycardia 


No. with 


Age years tachycardia 


Total 


M F M 
0-10 
11-20 
21-30 
3140 
41-50 


Total 


—_ 
— be DO 


i) 
; b 





pulse pressure was slightly higher in the group 
with tachycardia. It was 60 mm. Hg or more in 
16 of the 36 patients with tachycardia, but 
in only 4 of the 24 patients without tachycardia. 

Cardiac Size. The cardiothoracic ratio ranged 
from 37 to 80 per cent with an average of 55. 
In 15 cases it was less than 50 per cent, in 28 
cases between 50 and 60 per cent, and in 17 
cases 60 per cent or more. The average ratios 
for cases with and without heart failure re- 
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TABLE 3.—T ype of Cardiac Enlargement in Thirty- 
four Cases with and Twenty-two without Tachycardia 


No. with | No. without 


Type of enlargement tachycardia | tachycardia 


. Generalized 

. Slightly prominent conus 
and pulmonary artery.... 

. Mitral configuration 


. Left ventricular 
. Globular 


spectively were 63 and 53 per cent for those 
with tachycardia, and 56 and 50 per cent for 
those without tachycardia. Cardiac enlarge- 
ment was confirmed in 56 cases. Women had 
comparatively larger hearts even though their 
work consisted of light household duties, show- 
ing that the nature of work had no relation to 
the size of the heart. The average cardiothoracic 
ratio for female patients was 58 per cent; for 
male, 52 per cent. A ratio of 60 per cent or more 
was found in 9 of the 17 females but in only 8 
of the 43 males. Roentgenologically 5 types of 
cardiac configurations were seen in enlarged 
hearts; their incidence in the 2 groups of cases 
is given in table 3. The frequency of the right 
and the left-sided cardiac enlargement in the 
2 groups is striking. 

Cardiac Murmurs and Thrills. A thrill was 
palpable in 6 cases, being apical systolic in 3, 
apical diastolic in 1, and pulmonary systolic 
in 2. Murmurs were heard in 51 cases. Systolic 
murmurs were heard in 51 cases, in 35 at the 
apex and in 49 at the pulmonary area. Diastolic 
murmurs were heard in 18 cases, in 17 at the 
mitral and in 1 at the pulmonary area; they 
were never heard alone but always in associa- 
tion with a systolic murmur and disappeared 
before the hemoglobin rose to 6 Gm. Mitral 
diastolic murmurs were usually localized to a 
small area in the fourth left interspace 214 to 3 
inches from the midsternum. It was significant 
that 14 of these 18 cases belonged to the group 
with tachycardia. 

Congestive Failure. Dyspnea, edema of the 
feet, hepatic enlargement, and elevated venous 
pressure, which are the usual features of heart 
failure, occur in uncomplicated anemia. A 
diagnosis of heart failure was therefore made 
only after careful consideration of these factors 


as well as of circulation time, serum protein 
levels, and clinical and roentgenologic evidence 
of pulmonary congestion. Failure was present 
in 20 patients, of whom 12 had tachycardia and 
5 were females, its incidence in the 2 groups and 
sex incidence being nearly equal. It appeared 
to have no constant relation either to the 
severity and the duration of anemia or to the 
nature of the work. That failure due to anemia 
carried an excellent prognosis was seen by 
speedy recovery of all our patients by treat- 
ment directed at correction of anemia. 

Cardiac Output. In patients with tachycardia, 
the cardiac output varied from 5.4 to 
12.5 L./min. with an average of 8.1 L., and 
averages of 9.8 and 7.2 L., respectively, in 
those with and without failure. In patients 
without tachycardia it varied from 3 to 5.4 
L./min. with an average of 4.4 L., and averages 
of 3.9 and 4.7 L., respectively, for those with 
and without failure. The minimum output in 
the tachycardia group and the maximum out- 
put in patients without tachycardia were there- 
fore the same, and congestive failure in the 
former was characterized by a high cardiac 
output but in the latter by a normal or even a 
diminished output. This difference in the 
cardiac output in the 2 groups was the most 
significant feature. 

Venous Pressure. The venous pressure varied 
from 6 to 40 cm. of water, with an average of 
13.5 em. After recovery from anemia it varied 
from 6 to 12 cm., with an average of 9 em. It 
appeared to have no relation to the cardiac 
rate. It was as a rule raised in cases with 
failure. There were, however, 3 cases with 
gross venous distention, with a pressure of 
20 cm. in 2 and 19 em. in 1 of them. Increase 
in venous pressure in uncomplicated anemia 
has been suggested to be a compensatory 
phenomenon.’ 

Circulation Time. In patients with tachy- 
cardia the circulation time varied from 7 to 14 
sec., with an average of 11.3 sec., and averages 
of 13 and 10.4 sec. respectively for those with 
and without failure. In patients without 
tachycardia it varied from 10 to 25 sec., with 
an average of 15 sec., and averages of 18 and 
13.4 sec. respectively for those with and without 
failure. The average time after recovery from 
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TABLE 4.—Summary of Electrocardiographic 
Findings 


Abnormality No. of cases 


eae ee 11 

PNR 2. ok sci ee 18 
je INR. co ss sss eR tio 39 
. S-T depression pies 17 
Q-T increased. .. aes 13 
Left ventricular hypertrophy..... 10 
. Atrial premature beats........... 1 


— 


SID ore & bo 


anemia was 12 sec. It was therefore com- 
paratively increased in patients without 
tachycardia; it was noteworthy that even in 
patients without failure in this group it was 
more than in those with failure in the tachy- 
cardia group. 

Electrocardiogram. The electrocardiogram 
(table 4) was abnormal in all cases with heart 
failure. Twelve of the 13 cases with increase 
in the Q-T duration had failure. Prolongation 
of the P-R interval that has been reported in 
sickle-cell anemia was not seen in any case. 
It was most significant that despite roentgeno- 
logic evidence of right heart enlargement in 
15 cases with a typical mitral type of heart in 
5 of them, right axis deviation and right ven- 
tricular hypertrophy were never recorded. On 
the contrary, in 3 cases with mitral configura- 
tions of the heart a pattern of left ventricular 
hypertrophy was seen. Another noteworthy 
feature was that 13 of the 17 cases with S-T 
changes and 10 of the 13 cases withQ-T changes 
were in the tachycardia group. 

The duration of anemia varied from 3 months 
to 8 years, with an average of 1 year and 10 
months. In the tachycardia group there were 18 
cases with a duration of more than 1 year and 
11 of more than 2 years. Among patients with- 
out tachycardia, there were 11 with a duration 
of less than 1 year and 7 of less than 6 months. 
The duration of anemia therefore appeared to 
have no definite relation to the cardiac rate. 

Basal Metabolic Rate and Gastric Acidity. 
With averages of —9 and —11 per cent re- 
spectively for patients with and without 
tachycardia, the basal metabolic rate had no 
relation to the cardiac rate. Gastric analysis 


showed a high incidence of hypochlorhydria 
and achlorhydria but without relation to teh 
cardiac rate. 


Discussion 


In western countries cardiovascular dis- 
turbances are usually seen in chronic anemias 
for which there is no satisfactory treatment. 
Our series differs in that the anemia was 
curable. Within the range of this series, the 
cardiac rate, size, murmurs, and congestive 
failure, as well as the electrocardiographic 
changes, appeared to have no constant relation 
either to the severity, duration, and the 
etiologic factor of anemia, or to the nature of 
the work performed by the patient during the 
anemic state. 

There appeared to be 2 different patterns 
of circulatory hemodynamics and cardiovascu- 
lar disturbances in patients in this series, 
though it must be admitted that no clear line 
could be drawn between them. In patients 
with tachycardia, who formed the majority, 
the velocity of the blood flow was compara- 
tively increased and the cardiac output was 
usually increased, particularly in the presence 
of cardiac failure. There was little pulmonary 
congestion. This group included most of the 
females and patients below the age of 20 years, 
and most of the cases with right heart enlarge- 
ment and S-T and Q-T changes in the electro- 
cardiogram. 

There was, however, another though smaller 
group of patients with different adjustments. 
In these patients the cardiac rate was either 
normal or slow. Some of them had bradycardia, 
despite the presence of congestive failure. There 
was more pulmonary congestion and the 
velocity of blood flow was comparatively di- 
minished. The cardiac output was either normal 
or diminished, even in the presence of conges- 
tive failure. This group included most of the 
cases with pleural effusion and with left heart 
enlargement. Significant findings in the 2 
groups are summarized in table 5. 

Another striking point was the high inci- 
dence of congestive failure in this series. Heart 
failure due to anemia is reported to be uncom- 
mon in western countries.* Porter and James! 
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TABLE 5.—Summary of Significant Findings in the Two Groups 


Averages* | No. of cases with 





———— , - : ~ ‘ 
Group | a + . Right | Left | Pulse 
| females | Contin ventric- | ventric- | Diastolic | ST | Q-T | Pressure 
| ee ular en- | ularen- | murmurs | change change >60 
. largement | largement | mm. Hg 


‘“achyeardia | ‘ z 10.4 
13 


| 


Yo tachycardia é : 13.4 
18 


| 
4 | 3 

| 

| 


1 | w | 4 


| 


* Upper figures are for cases without heart failure and the lower for cases with heart failure. 


expressed the opinion that if failure did occur 
in an anemic patient coexistence of an intrinsic 
cardiovascular disease was almost certain. In 
iropical countries, however, heart failure as a 
complication of anemia does not appear to be 
uncommon.®:* It has been observed that 
failure in anemia is distinguished by further 
augmentation of the already increased cardiac 
output.*:® The present study, however, re- 
vealed that this is seen only in cases with 
tachycardia, and that there are cases in which 
the output may even be diminished. 

This study therefore confirms the existence 
of patients in whom the reduction in the 
oxygen-carrying capacity of the blood is not 
compensated by the usual mechanisms of 
tachycardia, increased velocity of the blood 
flow and increased cardiac output. A relatively 
more complete abstraction and utilization of 
oxygen by tissues from the blood and a selective 
shunting of blood to vital organs from areas of 
lesser importance are probably the means of 
compensation in them. Porter and James! 
suggested that the former were mechanisms to 
meet stress of acute anemia and were not 
physiologically adapted to prolonged strain of 
chronic anemia. The present study, however, 
failed to reveal any relation between the dura- 
tion of anemia and the nature of cardiovascular 
disturbances. These were not found to have any 
relation to the basal metabolic rate. A de- 
ficiency state, indicated by a high incidence of 
koilonychia and achlorhydria was also found 
in many cases in this series to have no relation 
to either the pattern of the disturbances or the 
high incidence of congestive failure. 


SUMMARY 


Cardiovascular disturbances in 60 cases of 
chronic severe anemia have been studied and 
an effort was made to investigate the differ- 
ences in patients with tachycardia and in those 
without tachycardia. 

Two patterns of these disturbances were 
seen although a clear line of demarcation be- 
tween the 2 could not be drawn. In 1, tachy- 
cardia, increased velocity of the blood flow, 
little pulmonary congestion, and increased 
cardiac output were noted, particularly in the 
presence of congestive failure. In the other, 
there was either a normal or a slow cardiac rate, 
comparatively diminished velocity of the blood 
flow, more pulmonary congestion, and either 
a normal or a diminished cardiac output, even 
in the presence of failure. Fhe incidence of 
congestive failure was high. No cause could be 
discovered for the 2 patterns of disturbances or 
for the high incidence of congestive failure. 
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SUMMARIO IN INTERLINGUA 


Esseva studiate disturbationes cardiovascu- 
lar in 60 casos de sever anemia chronic. Le 
effortio esseva facite de investigar le diffe- 
rentias inter patientes con e sin tachycardia. 

Duo typos de disturbationes esseva nota, 
sed un clar linea de demarcation inter illos non 
poteva esser establite. In un del typos, tachy- 
cardia, augmentate velocitate del fluxo de 
sanguine, pauc congestion pulmonar, e aug- 
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mentate rendimento cardiac esseva notate, 
specialmente in Je presentia de disfallimento 
congestive. In le altere typo, le frequentia 
cardiac esseva normal o relentate, le velocitate 
del fluxo de sanguine esseva comparativemente 
reducite, le congestion pulmonar esseva plus 
marcate, e le rendimento cardiac esseva normal 
o diminuite, mesmo in le _ presentia de 
disfallimento. 

Le incidentia de disfallimento congestive 
esseva alte. Nulle causa esseva discoperite pro 
le duo complexos de disturbationes o pro le 
alte incidentia de disfallimento congestive. 
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A study was performed in order to determine whether ligation of the great cardiac vein in dogs 
would reduce the mortality from subsequent ligation of the anterior descending artery. The effect 
of simple pericardiotomy was also investigated. Measurements of the peripheral coronary artery 
pressure and flow and anatomic examination of the coronary circulation were made in some of the 
animals. 

The results indicated that the dogs subjected to previous division of the great cardiac vein with- 
stood ligation of the anterior descending branch of the left main coronary artery better than did 
control animals. Simple pericardiotomy had a similar effect on reducing the mortality. The infarcts 
in the surviving dogs were noticeably smaller than in the control group. The authors believe that 
the explanation for the protection afforded by the 2 operations was the production of better inter- 
coronary artery communications. 
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Effect of Morphine and n-Allylnormorphine on 
Cerebral Hemodynamics and Oxygen 
Metabolism 


By Joun H. Moyer, M.D., Rospert Pontius, M.D., George Morais, M.D., 
AND RoBERT HERSHBERGER, M.D. 


The cerebral metabolic response to intravenously administered morphine was studied in human 
volunteers. Cerebral blood flow and cerebral vascular resistance were not altered by this drug al- 
though cerebral oxygen uptake was markedly depressed as a result of a decreased extraction of 
oxygen from the blood circulating through the brain. This response was rapidly reversed following 


the administration of n-allylnormorphine. 


HAT are the effects of morphine on 
Lael hemodynamics and cerebral 
metabolism in man, and how are these effects 
altered by the administration of n-allylnor- 
morphine (Nalline), a morphine antagonist?! ? 
Does n-allylnormorphine selectively antago- 
nize the respiratory depressant effect of mor- 
phine overdosage, or does it antagonize the 
general cerebral metabolic response to mor- 
phine? Before these questions can be answered 
it is necessary to know the effect of large doses 
of morphine on cerebral blood flow and cerebral 
oxygen metabolism. 

Although morphine is one of the oldest drugs 
in common use today, very little is known about 
the cerebral hemodynamic and metabolic 
responses to this agent in man. Such observa- 
tions would not only assist in a better under- 
standing of the pharmacodynamics of mor- 
phine, but in addition would give information 
relative to the mode of action of n-allylnormor- 
phine. The present study is concerned with 
observations of the effect of intravenous mor- 
phine on cerebral hemodynamics and cerebral 
oxygen metabolism and of the ability of n-allyl- 
normorphine to alter these responses. 


METHODS 


Seven male volunteers 17 to 42 years of age were 
studied. With the subject resting comfortably in the 
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supine position, indwelling needles were placed in 
the superior jugular bulb and the femoral artery. 
The nitrous oxide technic of Kety and Schmidt? was 
used in determining cerebral blood flow. Measure- 
ments were made of pulse rate, respiratory rate, and 
mean arterial blood pressure, the last by direct 
arterial manometry. The methods and analytic 
procedures have been described previously.» 4 The 
partial pressure of carbon dioxide was determined 
with the aid of a Van Slyke nomogram. The cerebral 
oxygen consumption (CMRO.) was determined by 
multiplying cerebral blood flow by the arterial 
venous oxygen difference. Cerebral vascular resist- 
ance (CVR), as presented in the current studies, 
is a simple ratio of mean arterial blood pressure 
divided by cerebral blood flow in ml. per 100 Gm. of 
brain per minute, each patient serving as his own 
control. 

After suitable control observations were made, 
60 mg. of morphine sulfate were administered intra- 
venously over a 10-minute period. After an interval 
of 10 to 35 minutes, observations on cerebral hemo- 
dynamics and cerebral oxygen uptake were re- 
peated. Then, 25 mg. of n-allylnormorphine were 
given slowly by the intravenous route. Cerebral 
blood flow determinations again were made after 15 
to 20 minutes. 

During these experiments a respirator was avail- 
able at all times, since marked respiratory depression 
was anticipated, although it was not observed. 
However, during the administration of morphine 1 
subject developed severe laryngospasm, which was 
not anticipated. Disaster was averted only by direct 
laryngoscopy carried out within a few seconds after 
the onset of the laryngospasm. By the time the air 
way was re-established, the pulse had become rapid 
and thready, the subject was severely cyanotic and 
partially comatose, and the mean arterial blood 
pressure had decreased to 30 mm. Hg. These altera- 
tions were quickly reversed as pulmonary function 
returned. There were no residual effects. Observa- 
tions on cerebral blood flow were not repeated after 
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EFFECT OF MORPHINE AND N-ALLYLNORMORPHINE 


TABLE 1 


! 

Cerebral blood | 
flow ml./100 
Gm./min. 


Mean blood 
pressure 
mm. Hg 


Pulse rate 
Patient, sex, age 


DM DN; C .DM|\DN;| C | DM DN | Cc 


. HD. 058.0) 
M, 17 
_ HE. 
M, 24 
3. Mc.C. 
M, 30 
GL. 
M, 42 
5. N.N. 
F, 35 
ae. 
M, 28 
.H.J 
F, 32 


80, 83,102 88 9953.7/48. 1.5 


2 91 96 81) 92 8864.4/58.6 44.6 


91, 95 88 86, 8842.050.256.6) : 


89 104110 110 117 30.9 71.646.3 


92 92 96) 96 9648.2 50.041.3) 2.: 


98, 80 80.51.557.547.8 


~69.576.0 


Mean 

% of control 
p Valuett 

p Value§ 


83) 90) § 

92 100 

.10 .50 
40 


.558.849.1 
114 
.30 


95 51 
5 99 

50 

40 


95 


.50 


C = Control observations. 
DM = Observations made after the administration o 
DN = Observations made after the administration o 
* = ml./100 Gm. brain/minute. 

Statistical analysis by R. A. Seibert. 
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| Cerebrovascular |Cerebral oxygen 
resistance 


—Effect of Morphine on Cerebral Hemodynamics and Cerebral Oxygen Metabolism 


Blood O2 Saturation 


uptake* Hematocrit = 
Arterial Venous 


DM DM DN) C 


42) 43 


c 


1.7) 1.4/3.8 


1M | DN DN| C DM DN 


91, 85 


DM DN 


71 
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1.6) ; 97 of 58 


6) 2.2/4.4) ¢ 51 | 95.100) 61 | 73 


8 30) § 61 


36 95) 88 93) 48 


46 97 | 91/100) 65 


5} 46 98 | 90) 98) 65 


85] — 


41) 42, 96 

100)102 

- 20) .50 
50 


67) 63 
112)105 
.10).20 

30 


f 60 mg. of morphine intravenously. 
f 25 mg. of n-allylnormorphine. 


p Value comparing post drug observations (morphine and n-allyInormorphine) with control observations. 
= Comparing observations after n-allylnormorphine with those made after the administration of morphine 


using the latter observations as the reference point (control). 


TABLE 2.—Effect of Morphine on Cerebral Blood Oxygen and Carbon Dioxide 





Venous O2 
volume % 
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volume % Oz volume % 
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the administration of morphine to this subject and 
consequently, he is not included in tables 1 and 2. 


RESULTS 


In 4 of the subjects, 60 mg. of morphine had 
very little effect on the arterial blood pressure, 
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but reduced it more than 10 mm. Hg in the 
remaining 3. The average blood pressure 
response for the group was not statistically 
significant* (p < 0.10). The blood pressure 





* p value of <0.05 considered significant. 
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response to the administration of n-allylnor- 
1.orphine was likewise erratic. Morphine given 
iitravenously did not reduce the pulse rate, as 
hight be expected with a dose of morphine of 
this magnitude, but marked sinus arrhythmia 
was frequently observed. 

Following the administration of morphine, all 
|.ut 1 of the subjects perspired rather profusely. 
‘he pupils constricted and respiration became 
shallow and irregular. Respiratory arrest was 
10t observed and, except for the subject who 
developed laryngospasm, none of the subjects 
showed any signs of anoxia. After the adminis- 
‘ration of n-allylnormorphine (Nalline), the 
pupils dilated again. Very frequently the sub- 
jects perspired even more than after the ad- 
ministration of morphine. Respiration became 
regular, and the rate and depth increased 
sharply, so that the subjects appeared to hyper- 
ventilate for 2 to 3 minutes, as if the drug were 
acting as a respiratory stimulant much like 
a-Lobeline. 

Only 3 of the 7 subjects (H.D., Me.C., and 
J.J.) showed marked somnolence after the 
administration of the morphine. Nevertheless 
it was quite characteristic that the subjects 
showed little concern over the indwelling 
needles or over any venous punctures that 
were done. However, after the n-allylnormor- 
phine was given, the subjects became quite 
alert and were acutely aware of pain due to 
indwelling needles and venous punctures as 
well as any other trauma associated with the 
procedure. In addition, they frequently became 
very apprehensive by contrast with their docile 
attitude after the administration of morphine 
and before the administration of n-allylnor- 
morphine. 

For the group, neither morphine (p < 0.30) 
nor n-allylnormorphine (p < 0.50) affected 
cerebral blood flow to a statistically significant 
degree. However, when the individual observa- 
tions are examined, there was an increase in 
cerebral blood flow in some subjects following 
morphine administration. This was usually 
associated with an increase in arterial partial 
pressure of carbon dioxide (p COz).® Yet, 2 of 
the subjects (H.D., N.N.) showed an equally 
sharp increase in arterial p CO. without an 
increase in cerebral blood flow. For the group 
there was a slight reduction in cerebral vas- 


cular resistance (following morphine), but this 
was not statistically significant (p < 0.20). 

Although the cerebral blood flow was not 
reduced, there was a marked and consistent 
depression in cerebral oxygen uptake (table 1), 
which was statistically significant (p < 0.01). 
This was due primarily to a reduction in the 
extraction of oxygen from the blood flowing 
through the brain, since the arterial-venous 
oxygen difference decreased (p < 0.001) at the 
same time that the oxygen content (table 2) of 
the blood coming from the brain increased 
(p < 0.05). These alterations occurred in the 
presence of a reduction in arterial oxygen con- 
tent (p < 0.01). When the n-allylnormorphine 
was given, the cerebral oxygen uptake (CM- 
ROz) increased (p < 0.05) and returned to or 
towards the control values observed prior to 
the administration of morphine. 

Although the rate of respiration was not 
seriously depressed following the administra- 
tion of morphine, the depth of respiration 
decreased and the respiratory rhythm was ir- 
regular. This change was reflected in a signifi- 
cant reduction in arterial oxygen content 
(p < 0.01), arterial blood oxygen saturation 
(p < 0.01), and an increase in arterial blood 
pCO2 (p < 0.01) and CO: content (p < 0.01). 
These responses were reversed after the n- 
allylinormorphine was given,- so that when 
compared with the control values they were no 
longer altered significantly. 


DISCUSSION 


The dose of morphine employed in these 
studies was rather large (60 mg.) by the usual 
criteria, in order to effect definite alterations in 
respiration and cerebral function, so that the 
response to n-allylnormorphine could subse- 
quently be evaluated more effectively. It was 
surprising that a greater effect on respiration 
was not produced by the large dose of mor- 
phine. Respiration was often shallow with a 
somewhat irregular respiratory rhythm, which 
appeared to be more under conscious regula- 
tion than usual if the subjects were not dis- 
turbed. Sometimes they would apparently for- 
get to breathe, but when reminded of the fact, 
they would again pick up a more regular 
rhythm. When the n-allylnormorphine was 
given, the respiratory rate and depth increased 
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Fig. 1. The effect of morphine and n-allylnormor- 
phine on the cerebral circulation and cerebral oxy- 
gen metabolism. 


sharply, indicating that the effect of morphine 
on the respiratory center had been reversed. In 
fact, the n-allylnormorphine appeared to have 
a temporary stimulating effect, so that respira- 
tory movements were more marked than during 
the control period. This may have been a direct 
or an indirect effect on the sensitivity of the 
cerebral respiratory centers, which were 
responding to the increased pCO: and hypoxia 
that followed the morphine administration and 
were present when the n-allylnormorphine 
Was given. 

Observations of arterial-venous oxygen dif- 
ferences between the measurements of cerebral 
blood flow indicated a definite delay before the 
metabolic depressant effect of morphine oc- 
curred. ‘The arterial-venous oxygen difference 
did not decrease during the first 10 to 15 min- 
utes after the administration of morphine, but 
beyond 15 minutes it progressively decreased, 
usually reaching a minimum after 20 to 30 
minutes. The only subject who failed to show a 
reduction in cerebral oxygen consumption was 
G.L., who was also the only subject on whom a 
cerebral blood flow determination was done in 
less than 20 minutes after the administration of 
morphine. A typical response to morphine and 
n-allylnormorphine is presented in figure 1. 

The venous blood leaving the brain reflects 
the actual environment of the nerve tissues of 
the brain. Here the oxygen content increased 
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significantly from 10.1 to 11.5 ml./100 ml. after 
the administration of morphine, but again fell 
to 10.6 after the administration of n-allylnor- 
morphine. This sequence further reflects the 
cerebral metabolic depressant effect of mor- 
phine®:7 on the human intact brain and the 
reversal of these effects with n-allylnormor- 
phine. 

The observations herewith reported appear 
to be quite consistent, although similar re- 
sponses either to morphine or to n-allylnor- 
morphine might not have been observed if 
smaller doses of morphine had been employed 
or if the drug had been given subcutaneously. 
It may well be that the drug does not have the 
same soporific effect when given by the intra- 
venous route as compared to the subcutaneous 
route of administration or that 30 minutes is 
not an adequate period of time for the max- 
imum sporific effect to develop. It is note- 
worthy that the only 3 subjects who showed 
marked somnolence (H.D., Mc.C., and J.J.) 
were the ones in whom cerebral oxygen uptake 
(CMRO:z) was reduced to the lowest absolute 
value. The cerebral hemodynamic and oxygen 
metabolic responses to morphine are qualita- 
tively similar to the response to thiopental,® 
which also depresses cerebral oxygen consump- 
tion even though the quantity of oxygen avail- 
able to the neurons by way of the arterial blood 
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flow is not impaired. There are apparent 
q iantitative differences in the clinical response, 
however, in that a reduction of cerebral oxygen 
untake (of the degree noted in the current study 
o1 morphine) due to thiopental was associated 
vith general anesthesia. By contrast to the 
c-rebral hemodynamic and metabolic response 
t) morphine and thiopental, chlorpromazine® 
does not alter cerebral oxygen consumption 
(ig. 2). Any alterations in cerebral blood flow 
following the administration of chlorpromazine 
merely reflect changes in blood pressure’ rather 
than a direct effect of the drug. Clinical ob- 
servations by us and others!® indicate that when 
smaller doses of morphine are used, the admin- 
istration of n-allylnormorphine may be followed 
by an additive response rather than an antago- 
nistie one. 


SUMMARY 


The effect of 60 mg. of intravenously admin- 
istered morphine has been studied in human 
volunteers. Although variations occur in indi- 
vidual patients, cerebral blood flow for the 
group is not altered significantly following the 
administration of morphine, but cerebral 
oxygen uptake (CMRO:) is depressed to a 
significant degree in all. The reduction in 
CMRO: is associated with a reduction in 
arterial oxygen content, as well as a reduction 
in the extraction of oxygen from the blood 
circulating through the brain. These effects are 
rapidly (but only partly) reversed following 
the administration of n-allylnormorphine. 

Arterial blood oxygen saturation and oxygen 
content are decreased, while content and partial 
pressure of carbon dioxide are increased follow- 
ing the administration of morphine. The altera- 
tions inthe blood flowing to the brain would tend 
to inerease cerebral blood flow. This response 
as observed in a few instances, but was incon- 
stant. The alterations in blood oxygen and 
carbon dioxide concentrations resulting from 
‘he central respiratory depressant effects of 
morphine are reversed with n-allylnormorphine. 


SUMMARIO IN INTERLINGUA 


Le effecto de administrationes intravenose de 
60 mg de morphina esseva studiate in volun- 


tarios human. Ben que il occurre variationes in 
le casos individual, le fluxo de sanguine cerebral 
pro le gruppo integre non es alterate significa- 
tivemente post le administration de morphina, 
sed le acception cerebral de oxygeno es depri- 
mite a grados significative in omne casos. Le 
reduction del acception cerebral de oxygeno es 
associate con un reduction del contento arterial 
de oxygeno e etiam con un reducite efficacia del 
extraction de oxygeno ab le sanguine que cir- 
cula in le cerebro. Iste effectos es revertite 
rapide-, ben que solo partialmente, post le 
administration de n-allylnormorphina. 

Le saturation oxygenic e le contento de oxy- 
geno in le sanguine arterial es reducite, durante 
que le contento e le pression partial de bioxydo 
de carbon es augmentate post le administration 
de morphina. Le alterationes in le sanguine cu- 
rrente verso le cerebro tende apparentemente a 
augmentar le fluxo cerebral de sanguine. Iste 
responsa esseva observate in plure casos, sed le 
constatationes non esseva constante. Le altera- 
tiones del concentration sanguinee de oxygeno 
e bioxydo de carbon que resulta ab le effectos 
depressori de morphina super le systema respi- 
ratori central es revertite per n-allylnormor- 
phina. 
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Detection of multiple pulmonary embolism in patients with congestive heart failure is frequently 

difficult. Symptoms of such a complication include bouts of palpitation and arrhythmias, syncopal 


attacks, recurrent and particularly nocturnal episodes of dyspnea, acute anxiety, unexplained 
epigastric distress, and anginal syndromes. This study calls attention to the possibility of another 
clue to the diagnosis of this condition, namely the triad of tachycardia, digitalis intoxication, and 
resistance to mercurial diuresis. Satisfactory diuresis with mercurials appears to indicate that 


multiple pulmonary embolization is not present. 
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Primary Mesothelioma of the Pericardium 


By Joun Tuomas, M.D., anp James M. Puytuyon, M.D. 


Mesotheliomas of the pericardium are one of the causes of sanguineous pericardial effusion. Clini- 
cal and pathologic features of a case of this rare condition are presented. Certain clinical mani- 
festations and laboratory findings that may serve as a basis for future antemortem diagnosis are 


emphasized. 


A PATIENT with a pericardial effusion 
~& may frequently present a diagnostic 
roblem. A primary malignancy of the heart or 
pericardium is one of the rare causes of such 
un effusion. Lymburner! at the Mayo Clinic 
reported an incidence of .05 per cent in 8,500 
‘onsecutive autopsies. Mesotheliomas com- 
pose only a small percentage of the primary 
tumors of the heart and pericardium. Dawe, 
Wood, and Mitchell? in a recent and excellent 
review of the literature could find only 24 cases 
that conformed to the category of primary 
mesothelioma of the heart or pericardium. 

This case of a mesothelioma of the peri- 
cardium is reported because it is typical of a 
rare condition, there is no doubt regarding 
the origin of the tumor, and in the hope that 
this clinicopathologic picture of persistent 
bloody pericardial effusion may serve as the 
basis for future antemortem diagnoses. 


CasE REPORT 


K. C., a 78-year-old retired fireman, entered the 
George W. Hubbard Hospital on November 3, 1955, 
complaining of dyspnea of about 3 months’ dura- 
tion. He had been well until about 5 or 6 months 
prior to admission, when he began to tire easily. 
\t the onset there was only exertional dyspnea; 
later, attacks of wheezing and a dry hacking cough. 
Two weeks before admission orthopnea and _par- 
oxysmal nocturnal dyspnea began. Very slight 
exercise precipitated attacks of breathlessness. At 
that time he also developed swelling of the abdomen 
ind edema of the feet and legs. He lost approxi- 
nately 18 pounds during his illness. 
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In the past, he had always been in good health. 
There was no known contact with tuberculosis. 

Physical examination revealed a well developed, 
well nourished patient who appeared younger than 
the stated age. He was dyspneic, and there was an 
occasional dry cough. 

The blood pressure was 130/100 mm. Hg. The 
pulse was 96/min. and weak. The neck veins were 
moderately distended and the chest was well devel- 
oped and muscular. The area of cardiac dullness 
was increased both to the left and right of the 
sternum. The heart sounds were muffled, especially 
at the apex, and no friction rub or murmurs were 
heard. There was sinus rhythm with an occasional 
premature beat. A moderate number of moist and 
also dry atelectatic rales were heard at the bases of 
both lungs. There were dullness and_ bronchial 
breathing posteriorly at the angle of the left scapula. 
Examination of the abdomen revealed a suggestion 
of ascites. The liver edge was palpable below the 
right costal border and it was firm, smooth and 
nontender. There was pitting edema of the feet 
and legs. There were freely movable nodes about 
0.5 ecm. in diameter in both axdlae. The inguinal 
nodes were slightly enlarged, firm, and discrete. The 
cervical lymph nodes were not enlarged. 

Laboratory Findings. The hemoglobin’ was 
13.7 Gm./100 ml.; the hematocrit value was 45 
volumes per cent; the white blood cells numbered 
14,300/mm.’, neutrophils 67, lymphocytes 26, baso- 
phils 1, and monocytes 6 per cent. A urinalysis was 
not remarkable. A serologic test for syphilis (VDRL) 
was negative. The nonprotein nitrogen was 41 mg. / 
100 ml.; blood sugar was 130 mg./100 ml.; chlorides, 
sodium, and potassium were normal. Sputum cul- 
tures and smears were negative for tubercle bacilli. 
The venous pressure was 240 mm. of water and the 
circulation time was 22 sec. by the arm-to-tongue 
(Decholin) method. 

X-ray examination of the chest revealed massive 
enlargement and globular configuration of the 
cardiac shadow, slight congestion in both lung 
bases, and left pleural effusion (fig. 1). There was a 
suggestion of pericardial calcification. 

The initial electrocardiogram showed low voltage 
T waves in all leads. Later there was a decrease in 
voltage of the QRS complexes. The histoplasmin 
and coccidiodin skin tests were negative and the 
tuberculin skin test was moderately positive. 
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PRIMARY MESOTHELIOMA OF THE PERICARDIUM 


Fic. 1. Chest x-ray shows marked globular en- 
largement of cardiac silhouette and left pleural effu- 
sion. 


Hospital Course. The patient was treated for 
congestive heart failure. The following morning 
300 ml. of serosanguineous fluid were aspirated from 
the left pleural space. Analysis of the fluid revealed 
a specific gravity of 1.013; white blood cells num- 
bered 1,077/mm.*, with 92 per cent lymphocytes 


and 8 per cent neutrophils; protein content was 
6.5 Gm./100 ml.; chlorides were 97 mEq./L. 

Three days after admission the signs of cardiac 
compression had increased. A pericardial para- 
centesis yielded 700 ml. of sanguineous fluid con- 
taining large amounts of fibrin. Air was injected 
into the pericardial sac. Examination of the peri- 
cardial fluid revealed the specific gravity of the 
centrifuged specimen to be 1.021, of the whole 
fluid 1.028; the white blood cells were 5,550/mm.? 
with 9 per cent neutrophils and 91 per cent lympho- 
cytes, and the hematocrit level was 15 volumes per 
cent; the hemoglobin was 5.53 Gm., the protein 
was 8 Gm., the sugar was 96 mg./100 ml., and the 
chlorides were 92 mEq./L. The patient’s symptoms 
were greatly relieved by this pericardial paracentesis. 

Radiologic examination of the chest then revealed 
a hydropneumopericardium, slight left pleural 
effusion, and pleural thickening at the right base 
(fig. 2). There was no parenchymal lesion of the 
lungs and no hilar adenopathy. Because of the 
lymphocytic nature of the fluid, the thickening and 
questionable calcification of the pericardium, and 
the pleural thickening a tentative diagnosis of 
tuberculous pericarditis was made. This diagnosis 
was supported somewhat by a report that 1 acid- 
fast bacillus was seen on direct smear of the peri- 
cardial fluid. The administration of isonicotinic 
acid hydrazid and para-aminosalicylic acid was 
begun. 


Fic. 2. Top. Chest x-ray following initial peri- 
cardial paracentesis and injection of air into peri- 
cardial sac. Left pleural effusion is still present. The 
pericardial sac is thickened. 

Fic. 3. Bottom. Demonstrates rapid reaccumula- 
tion of pericardial fluid. 


The rectal temperature ranged from 99 to 101 F. 
The fluid in the pericardial sac reaccumulated and 
within a week it was necessary to perform another 
aspiration. During the 10-day period of hospitaliza- 
tion 2,050 ml. of fluid were withdrawn from the 
pericardial sac and 650 ml. were taken from the left 
pleural space (fig. 3). After 10 days the patient was 
discharged to his home. 

Pericardial paracentesis was performed every 7 
to 10 days on an out-patient basis. At each visit 
700 to 1,200 ml. of fluid were removed. One month 
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ifter discharge from the hospital, and 7 days after 
the last aspiration (1,300 ml.), on December 13, 
1955, the patient appeared with severe symptoms of 
‘ardiac tamponade. He was again admitted to the 
iospital. On examination, the blood pressure was 
ound to be 100/90 mm. Hg and there was a para- 
loxical pulse. Left thoracentesis yielded 500 ml. 
if serosanguineous fluid. A pericardial paracentesis 
‘ielded 1,000 ml. of sanguineous fluid. The patient 
vas symptomatically improved following these 
srocedures. 

No apparent improvement had resulted from the 
iuntituberculosis therapy but it was continued for 
want of a more tenable diagnosis. Some type of 
nalignant disease was suspected, though biopsy of 
scalenus, inguinal, and axillary nodes revealed no 
disease. 

During the next week pericardial paracentesis was 
performed twice. The fluid removed was similar to 
that removed on previous occasions and the relief 
of symptoms was only temporary. 

Three days later on December 31, 1955, he com- 
plained of an increase in dyspnea. Early the next 
morning while at stool he summoned his wife, who 
found him in respiratory difficulty. He died within a 
few minutes. 

Autopsy. At autopsy, both lungs were displaced 
laterally by a bulging, taut pericardial sac. The left 
pleural space contained approximately 500 ml. of 
serosanguineous fluid. The pleura was firmly ad- 
herent to the diaphragm. The pericardial sac con- 
tained over a liter of bloody fluid. The heart, peri- 
cardium, and 12.0 cm. of aorta weighed 900 Gm. 
The pericardial sac was thickened, markedly rough- 
ened internally, and densely adherent posteriorly 
to the right ventricle and around the entry of the 
inferior vena cava. No calcification was present. The 
free portion varied between 2.0 and 5.0 mm. in 
thickness. 

The epicardial surface was covered by small 
whitish granular excrescences. There were several 
distinct nodules over the surface of the right atrium 
(fig. 4). The right coronary artery was partially 
buried in this portion of the tumor. The right atrium 
and the area of the pericardial reflection over the 
aorta for a distance of 7.0 em. were thickened. They 
appeared hemorrhagic and necrotic. This change ex- 
tended through the wall of the right atrium to pre- 
sent just beneath the endocardial surface. The re- 
mainder of the heart was encased in a mantle of 
tumor measuring 4 to 6 mm. in thickness. Over the 
apex of the heart the tumor was 15 mm. thick and 
portions were seen to be grossly hemorrhagic. At the 
base of the heart all the great vessels were sur- 
rounded by tumor but did not seem to be com- 
pressed. The endocardial surfaces showed no 
changes. The valves were normal in appearance. The 
coronary arteries showed moderate atherosclerosis. 
There appeared to be no invasion into the ventricu- 
lar musculature. 


Fia. 4. Gross appearance of the heart. The ante- 
rior pericardium has been reflected. 


Both lungs showed a moderate amount of edema. 
The bronchi were opened and examined for tumor 
but none was found. The liver was moderately con- 
gested. The gastrointestinal tract, spleen, pancreas, 
adrenal glands, kidneys, prostate, testes, larynx, thy- 
roid gland, and vertebral marrow were completely 
examined without discovery of tumor or other sig- 


nificant change. The cranial contents were not 
examined. 

Microscopic Examination. Blocks of tissue were 
fixed in 10 per cent formalin, imbedded in paraffin, 
and stained with hematoxylin and eosin. Micro- 
scopically, the individual cellular characteristics 
varied only slightly from one area of the tumor to 
another. The cells were round to oval, sometimes 
irregularly indented. They varied through all grada- 
tions to elongated spindle-shaped forms in the more 
highly cellular areas. The nuclei were pale with a 
moderate peripheral condensation of chromatin and 
a finely dispersed basophilic stippling. The cyto- 
plasm was faintly eosinophilic with indistinct cellu- 
lar borders. Mitotic figures were present, but rare 
(fig. 5). 

Large areas of the tumor were composed of spin- 
dle-shaped forms arranged in bundles and clusters. 
In areas where the cells were most elongated they 
were usually arranged in parallel bundles with deli- 
cate eosinophilic cytoplasmic processes. 

In other areas the tumor had a more distinctive 
appearance (fig. 6). The cells were arranged in cords 
and small bundles forming clefts and glandlike 
spaces with small papillary projections into the 
lumina. Here, the stromal cells appeared more 
rounded and plump. The lining cells, while retaining 
their general nuclear characteristics, tended to be 
somewhat flattened. There were wide areas of necro- 
sis. Throughout all areas there was considerable 
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Fic. 5. Top. High power magnification. H. and E. 
xX 470. 

Fic. 6. Bottom. Lower magnification showing var- 
ied appearance from area to area. Note numerous 
cleft-like spaces at left and more solid area at right. 
H. and E. X 120. 


hemorrhage. Even the more viable areas of tumor 
contained small necrotic foci. 

Sections of the myocardium showed moderate 
hypertrophy of the fibers. The lungs showed mild 


congestion and atelectasis. The liver showed marked 
central congestion. The prostate showed benign hy- 
perplasia. Examination of the remaining organs 
showed no tumor and no other significant findings. 


DIscussION 


That mesothelium can give rise to both 
epithelial and spindle cells seems well estab- 
lished.*-> This concept has led to the classifica- 
tion of such tumors occurring in the pleura into 
fibrous or glandular types; diffuse or localized; 
and benign or malignant.’ Ackerman® gave 
essentially the same classification for tumors 
arising from the peritoneum. In a recent 
review, Dawe, Wood, and Mitchell? divided 
primary mesotheliomas of the pericardium 
into epithelial, fibrous, and mixed types. They 
assembled 24 cases from the literature and 
added 1 of their own. Of these, 14 were of the 
spindle-cell type, 6 of the epithelial type, and 
the remainder were composed of both elements 
in approximately equal amounts. Our case 
would seem to fulfill all the criteria for the 
mixed type of pericardial mesothelioma. 

About half of the cases showed no metastases. 
When present these were usually found in 
adjacent structures, i.e., pleurae, lungs, and 
mediastinal lymph nodes. Only 2 cases’: * 
showed multiple distant metastases. A thor- 
ough search disclosed no evidence of metastasis 
in our case. 

The majority of the cases in the review cited 
above? were diffuse tumors covering most of 
the heart, often obliterating the pericardial 
cavity and constricting the great vessels. When 
obliteration of the pericardial sac did not occur, 
a bloody pericardial effusion was generally 
present. Seven of the patients died of cardiac 
tamponade. The course of the patient diag- 
nosed ante mortem by Shelburne’ was marked 
by the rapid accumulation of sanguineous 
pericardial fluid. Lisa, Hirschhorn, and Hart!° 
listed the presence of serosanguineous peri- 
cardial effusion as typical of malignancy of 
the pericardium. They stressed the rapid recur- 
rence of the effusion after aspiration as being 
almost diagnostic. This was also emphasized by 
Shelburne.’ Others!-" have also emphasized 
the diagnostic implication of the presence of a 
bloody pericardial fluid in any patient. In 
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\Vhorton’s review" of malignant tumors of 
‘he heart, of the 100 cases analyzed 25 had 
pericardial effusion. All but 3 had hemorrhagic 
pericardial fluid; the rapid formation was very 
-ignificant. In our patient, on 1 occasion 1,300 
iil. of fluid were removed from the pericardium. 
~even days later he returned again with symp- 
‘oms of cardiac compression. Fluoroscopy 
:ovealed the fluid had reaccumulated to the 
»revious level and another 1,000 ml. of fluid 
ere aspirated. This rapid formation of fluid in 
the presence of an adequate antituberculous 
1egimen was considered very strong evidence 
of malignancy in our case. 

The character of the fluid is also worthy of 
comment. The pericardial and pleural fluid 
were similar. The pericardial fluid, however, 
was the more hemorrhagic. A large amount of 
librin was present. The pericardial fluid con- 
tained 5,500 white blood cells with 91 per cent 
lymphocytes and 9 per cent polymorphonuclear 
cells. The predominance of lymphocytes has 


been characteristic in most of the reported - 


cases. The lymphocytosis is one of the findings 
that influenced the institution of antitubercu- 
lous therapy. Sarrell'® also began antitubercu- 
losis therapy on a patient with a similar type 
of fluid. 

The injection of air into the pericardial 
sac at the time of aspiration is a valuable 
procedure. As can be seen in the above figures, 
it helps to estimate the amount of fluid present, 
the size of the heart, and the thickness of the 
pericardium. Also, irregularity of the heart 
border caused by a tumor growth may occa- 
sionally be seen. 

Meyer and Chaffee'® have reported hy- 
aluronie acid in the effusion produced by a 
mesothelioma of the pleura. We attempted to 
find this polysaccharide in fixed tissue sections, 
using a modification of the periodic acid- 
leulgen fuchsin method. We could not demon- 
strate polysaccharide of any type. 


SUMMARY 


A case of mesothelioma of the pericardium 
occurring in a 78-year-old Negro man _ is 
presented. The tumor was composed of epi- 
‘helial and fibrous elements in approximately 
‘qual proportions. This corresponds to the 


mixed type of mesothelioma described by 
Dawe and his associates. The clinical course 
was marked by the rapid reaccumulation of 
massive amounts of bloody pericardial fluid. 
Death was caused by cardiac tamponade. 
Such a course of events strongly suggests the 
presence of an intrapericardial neoplasm. 
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SUMMARIO IN INTERLINGUA 


Es presentate un caso de mesothelioma del 
pericardio in un negro mascule de 78 annos de 
etate. Le tumor esseva componite de elementos 
epithelial e fibrose in proportiones plus o 
minus equal. Isto corresponde al typo mixte de 
mesothelioma describite per Dawe e su asso- 
ciatos. Le curso clinic esseva marcate per le 
reaccumulation rapide de massive quantitates 
de fluido pericardial sanguinose. Le morte 
occurreva in consequentia de tamponamento 
cardiac. Le curso clinic del caso suggereva 
fortemente le presentia de un neoplasma intra- 
pericardial. 
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Essential pulmonary hypertension is a condition in which the elevation in pulmonary artery 
pressure results from an increase in the vascular resistance in the lung. The exact cause of the pul- 
monary vascular changes is not definitely established, but the possibility exists that in some 
instances repeated asymptomatic pulmonary embolization can produce the vascular changes found 
in this disease. Prior to the introduction of cardiac catheterization, primary pulmonary hyperten- 
sion was considered rare. The present paper is a report dealing with clinical and physiologic studies 
on 3 patients, and with postmortem studies in 2 of them. Two of the patients were under 15 years 
of age; the third was 33 years old. All 3 patients died after cardiac catheterization had been com- 
pleted. 

The histories of the 3 patients described in this report show certain common features. Two of 
them, both children, suffered from effort syncope. All 3 patients had a history of shortness of 
breath, which was particularly severe in the adult. Physical examination revealed that all pa- 
tients of this series had a systolic murmur. In 2 a diastolic murmur was also heard. The systolic 
murmur may be the result of a relative tricuspid insufficiency or of a dilation of the pulmonary 
artery. The diastolic murmur may be produced by relative insufficiency of the pulmonary valve. 
The electrocardiograms in the patients of this series showed right axis deviation and right ven- 
tricular hypertrophy. However, during attacks the electrocardiogram showed marked alterations. 
Case 1 during catheterization first developed sinus tachycardia, followed by 2:1 or 3:1 A-V block, 
with a ventricular rate of 125 per minute. Following this, a 2:1 block with ventricular rate of 50 
per minute was observed. Finally, ventricular standstill occurred with an atrial rate of 50 per 
minute. In case 2 a sudden decline in ventricular rate from 140 to 30 beats per minute, with a com- 
plete cessation of atrial complexes, was recorded. Case 3 developed ventricular fibrillation. The 
findings on fluoroscopy obtained on the patients in this series are characteristic of the syndrome. 
The hilar markings are increased but the peripheral pulmonary vascular markings are dimin- 
ished. Right ventricle and the pulmonary artery segment are prominent. The relatively clear 
peripheral lung fields distinguish this condition from congenital heart disease with a large left- 
to-right shunt. On cardiac catheterization, the most significant finding was marked increase in 
pulmonary artery pressure. The microscopic findings recorded on 2 patients revealed medial and 
intimal thickening of the pulmonary arterioles. The proliferation in the walls of the arterioles was 
particularly conspicuous, leading to almost complete occlusion of the lumina. The stem of the 
pulmonary artery showed arteriosclerotic changes. This report again stresses the fact that the life 
of patients with essential pulmonary hypertension is continually menaced. In over 900 patients 
on whom catheterization of the heart has been performed within the last 314 years at the Medical 
College of Alabama, the 3 cases described represent the only fatalities encountered. 
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Failure of Alpha-Phenylbutyrate and Beta-Phenylva- 


lerate in Treatment of Hypercholesterolemia 


By Donap 8S. Freprickson, M.D., AND DANIEL STEINBERG, M.D., Px.D. 


Sodium alpha-phenylbutyrate and sodium beta-phenyl-n-valerate have been administered to a 
carefully controlled group of hypercholesterolemic patients. Prior reports that these compounds 
are effective in the treatment of hypercholesterolemia are not confirmed. Two patients developed 
toxic reactions requiring cessation of treatment. The ineffectiveness of these drugs, despite their 
inhibitory effect on the synthesis of cholesterol from acetate, is discussed in terms of recent bio- 
chemical information concerning their site of action. 


DECENTLY a number of studies have ap- 
; peared describing the therapeutic use of 
certain aromatic acids and their derivatives in 
hypercholesterolemia.'-* Cottet and co-workers 
were first to report significant lowering of serum 
cholesterol following administration of the 
sodium salt or the amide of alpha-phenylbu- 
tyric acid,!* and the sodium salt of beta-phenyl- 
valeric acid.4 (Also called phenylethylpropionic 
acid, sodium salt.) 

Following these reports we initiated a series 
of studies in an attempt to establish the mech- 
anism of action of these compounds. It was 
found that a-phenylbutyrate or #-phenyl- 
valerate strongly inhibited the rate of conver- 
sion of acetate-1-C™ to cholesterol and fatty 
acids both in vitro and in vivo.' On the other 
hand, little or no effect of phenylbutyrate ad- 
ministration on the serum cholesterol in rats 
could be demonstrated.® 

In the present paper we report our observa- 
tions on the effects of sodium phenylvalerate 
and sodium phenylbutyrate in a small but 
carefully controlled series of 14 patients. 
Dietary intake, especially that of cholesterol 
and other fats, was maintained as constant as 
possible, including the use of liquid formula 
diets in 6 patients for periods up to 3 months. 





From the Laboratory of Cellular Physiology and 
\letabolism, National Heart Institute, National 
institutes of Health, U. S. Public Health Service. 

*In the European studies these compounds are 
eferred to as phenylethylacetic acid, sodium salt, or 
vhenylethylacetamide (the latter compound is a 
rroduct of Theraplix, Inc., Paris, under the designa- 

on 4128TH or Hyposterol). 


METHODS 


A total of 14 adult patients were selected for 
study. Two patients were normocholesterolemic; the 
remaining 12 patients all had hypercholesterolemia 
of long standing. Ten patients had clear sera and 
normal or slightly elevated serum triglycerides. Half 
of these patients had demonstrable tendon xan- 
thomata. Two patients had slightly turbid sera and 
definitely elevated triglyceride values. One of the 2 
had tuberous xanthomata. Three patients were given 
a therapeutic trial with 2 different compounds. Six of 
the patients were hospitalized throughout the 
control and treatment periods. The remaining pa- 
tients were followed weekly in the outpatient clinic. 
All patients were ambulatory. Many had clinical 
evidence of coronary artery disease, but no signs or 
symptoms of congestive heart failure. All patients 
were clinically euthyroid and nondiabetic. 

Three types of diet were employed. Six patients 
were fed constant liquid formula diets, prepared 
after the method of Ahrens, Dole, and Blankenhorn.” 
The composition of a typical diet is indicated in 
table 1. The fat content of the diet, supplied as 
butter fat, provided 35 per cent of the calories, about 
average for the American diet. The cholesterol 
content of 0.5 Gm. per day was chosen as representa- 
tive of a normal average intake of this steroid.? The 
remaining patients were instructed to remain on 
their usual diet, which in every case they had been 
following for at least 2 years. This consisted of either 
a “regular” diet, exercising free selection of foods 
but maintaining constant weight, or a “low-fat’’ 
diet, consisting of 40 to 50 Gm. of fat daily of mixed 
animal and vegetable origin. Inpatients were weighed 
daily; outpatients, weekly. With the exception of 1 
patient (J.P.), who lost 2.9 Kg. during the study, all 
patients maintained constant weights to within +1 
Kg. 
Blood samples were drawn in the morning in the 
fasting state. Serum cholesterols were determined by 
the method of Schoenheimer and Sperry,!° lipid 
phosphorus by the method of Fiske and SubbaRow," 
and triglycerides by the method of Bragdon.” 
Lipoproteins were separated in the preparative 
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TABLE 1.—Composition of a Typical Liquid 
Formula Diet 


Component Gram/day 


Protein. .......- 85.1 
Carbohydrate. i 292.6 
Fat. Lees bce 84.8 
Cholesterol. ..... an 0.5 


In this case, providing approximately 2,300 
calories per day to a 76 Kg. patient. The ingredients 
were: butter (unsalted) 99 Gm., Lesofae (milk pro- 
tein) 165 Gm., Dextrose 228 Gm., egg yolk 9.1 Gm., 
sodium chloride 8 Gm., water 2,220 ml. The emulsi- 
fied diet was given in 4 feedings. One multivitamin 
capsule and ferrous gluconate, 0.6 Gm. per day, were 
the only supplements. 


ultracentrifuge by Dr. Richard Havel, according to 
the method of Havel, Eder, and Bragdon. Urinaly- 
ses and blood counts and, in some cases, liver func- 
tion tests were performed before and during therapy. 
All compounds were given by mouth.* 


RESULTS 


The results of the entire study are sum- 
marized in figure 1 and tables 2 to 4. 

Sodium 8-phenylvalerate was administered 
to 11 patients in doses ranging from 31 to 120 
mg. per Kg. body weight for periods of 21 to 84 
days. In 2 patients therapy had to be discon- 
tinued during the early phase of treatment be- 
cause of toxic reactions described below. These 
patients are not included in the analysis of 
results. However, no response had been noted 
up to the time therapy was discontinued in 
either patient. The results in the 9 remaining 
patients are presented graphically in figure 1. 
Here the cholesterol value for each patient 
obtained on the day phenylvalerate adminis- 
tration was begun has been assigned the value 
of 100 per cent. Serum levels obtained before 
and after this time are plotted as a percentage 
of this “‘zero time value.” In 6 of the patients, 
the weekly value plotted represents a mean of 2 
determinations during that week. The mean of 


* Most of the studies with sodium 6-phenylvalerate 
were carried out with 0.35 Gm. tablets supplied by 
Theraplix, Paris, through Dr. F. Jonas of the Jonatex 
Corporation. Sodium a-phenylbutyrate, sodium 
a-phenylbutyramide, and also sodium §-phenyl- 
valerate were supplied by Dr. R. K. Richards of 
Abbott Laboratories, Chicago. The Abbott prepara- 
tions were in gelatin capsules containing 0.35 Gm. 
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SERUM CHOLESTEROL -PERCENT OF ZERO TIME VALUE 


WEEKS 


Fig. 1. Serum cholesterol levels before and during 
the course of treatment with sodium phenylvalerate 
in 9 patients (table 2). The ‘‘zero time value’’ repre- 
sents the cholesterol level on the day treatment was 
begun. The remaining values for each patient repre- 
sent a percentage of this value. In 6 patients the 
weekly value represents a mean of 2 determinations 
during that week. 


the cholesterol values for all patients was 97.3 
per cent of the “zero time value” during the 
control period and 101.8 per cent in the treat- 
ment period. Thus the results for the group as a 
whole indicate no effect of the drug on the mean 
serum cholesterol level. 

The results in individual patients may be 
seen in tables 2 and 4. In table 2, the mean 
value during the treatment period is compared 
with the mean obtained during the control 
period. It can be seen that in 3 patients the 
mean level was 2.2, 6.3, and 13.3 per cent lower 
during treatment. However, the fact that in the 
remaining 6 patients the mean treatment value 
was higher by 4.6 to 15.9 per cent, suggested 
that the small apparent decreases were due to 
chance. To evaluate better the significance of 
the data a simple statistical analysis was per- 
formed. In table 4 the mean values during the 
control period are presented together with the 
standard deviation of the mean in milligrams 
per cent, and the results are analyzed in 3 
different ways. The mean control level was 
compared with the cholesterol level at the time 
treatment was discontinued, the mean of the 
last 3 cholesterol determinations during treat- 
ment, and the mean of the cholesterol deter- 
minations during the fourth, fifth, and sixth 
weeks of therapy. A fall was considered signif- 
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TABLE 2.—Results of Treatment with Beta- 
Phenylvalerate 





| Control period | Treatment period 


| 
| 
| 
| 


Mean serum choles-} 


| 


| No. of cholesterol 
o. of cholesterol 


determinations 
terol (mg. %) 
determinations 


N 


Mean serum choles- 
terol (mg. %) 


Vee SS 
= hm CO © 
ew 


| regular | 407| 
| regular 81 | | 375 
| low fat | 100 9 | 385) 
low fat 80 | 4: 333} 
constant |69-120) | 272 
constant |44-86 | | 498) 56 | 529 
constant) 89 | ; | 9 | 407 | 19 | 437 
| constant | 77 | 16| 3 | 428 371 
constant | 23 | 174| 37 | 182 








icant only if it exceeded twice the standard 
deviation of the mean during the control period. 

On the basis of these criteria it will be noted 
that in only 1 patient (N.G.) was there a 
significant fall during treatment with 6-phenyl- 
valerate. This is true no matter which of the 3 
methods of analysis is applied. The fall, however, 
was only between 12 and 13 per cent. The ap- 
parently significant rise occurring in several 
patients may only reflect the relatively small 
number of control determinations or it may 
represent a true upward trend during therapy. 
It is of interest that the patient showing the 
greatest rise during treatment (S.H.), received 
placebos for 6 weeks before treatment was 
begun. Just prior to this, she was observed for 4 
weeks without placebos. In the control period 
with placebos, the mean cholesterol changed 
less than 5 per cent from the mean value in the 
control period without placebos. 

Five hypercholesterolemic patients were 
given sodium a-phenylbutyrate in doses rang- 
ing from 17 to 64 mg. per Kg. body weight for 
periods up to 67 days (table 3). One of the 5 
(E.W.) had tendon xanthomata. All were 
observed as outpatients and were eating 
“regular” or “low-fat” diets. 

The data from these patients were analyzed 
as described above for the 8-phenylvalerate 
studies. The mean of all control values in the 
yhenylbutyrate series was 109 per cent of the 
‘zero time value” and the mean of all treatment 


TABLE 3.—Resulis of Treatment with Alpha- 
Phenylbutyrate 


| 
| 


| Control period | Treatment period 


Mean serum choles-! 
terol (mz. %) | 


determinations 
terol (mg. %) 
determinations 


No. of cholesterol 


Mean serum choles- 
| No. of cholesterol 


regular 
| regular 28 | 
| low fat 17 | 
| low fat 26 | 
| low fat | 33 | 
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TABLE 4.—Analysis of Changes in Serum 
Cholesterol Level During Treatment 


a) | @ | (3) (4) | (5) 


Mean | _. r Mean of | Mean value 
Control | Final Value last 3 | during 


values | 4th-6th week 
% of treatment 
(5)-(2) 


Beta-phenylvalerate 
E.H. (407 + 17| 
R.G. (375 + 30 
S.H. (385 + 16 
M.B. (333 + 18 
J: 272 + 16 


396'—11 | 395 |—12 
| 399)-+24 | — 
| 437|-+52 +55 
| 308| —25 | -9 
| 354|-4+82 +6 
LC. |498 + 33 | 545|-+47 +17 
E.W. |407 + 29) « | 454/447 +42 
N.G. |428 + 10 | 375|—53+ | — 
E.D. |174+4 8 1 | 191/417 +20 





Alpha-phenylbutyrat 
M.G. {383 + 22| 351) 341|—42 | — 
R.G. 375 + 30) 381; +6 | 391\+16 | | — 
N.G. |445 + 15) 421] —24 | 410|—35*| 410 |-35* 
E.W. |504 + 13} 533] +29 | 540|+36 524 | +20 


M.L. |585 + 62 543) —42 | 512\—73 512 |—73 








* Indicates a fall greater than 2 standard de- 
viations. 


values was 101 per cent of the ‘zero time 
values.” 

As shown in table 3, the mean value during 
treatment in 3 of the patients was 9.2, 10.7, and 
11.4 per cent lower than the mean control value. 
On the other hand, it was higher than the mean 
control value by 2.9 and 5.4 per cent in the 
other 2 patients. 

The statistical analysis in table 4 shows that 
there was a significant fall in blood cholesterol 
level in only 1 patient (N.G.). The mean of the 
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last 3 determinations, made during the fourth, 
fifth, and sixth weeks in this case, was only 7.9 
per cent below the mean control level, but since 
the standard deviation for the control values 
was only +3.4 per cent the fall is significant by 
the criterion chosen. 

One normocholesterolemic man (C.G.) was 
given sodium a-phenylbutyramide for 41 days 
at a dose of 53 mg. per Kg. Several weeks after 
the drug was started, the patient complained of 
occasional lightheadedness. When the dose was 
increased to 87 mg. per Kg., this complaint, 
associated with diarrhea, became more severe. 
The drug was stopped and the symptoms 
promptly disappeared. No significant change 
occurred in his plasma cholesterol during the 51 
days of therapy. 

Total lipid analyses were done on all patients 
at the beginning and the end of therapy with 
all 3 compounds. Lipoprotein fractionations 
were also performed in the first 3 patients given 
phenylvalerate. No significant change occurred 
in the total lipid or lipoprotein patterns during 
therapy. 

As previously mentioned, 2 patients devel- 
oped side reactions requiring cessation of 
phenylvalerate administration. In both cases 
this manifestation was a generalized pruritic 
maculopapular skin eruption. In the first case, 
that of a 20-year-old hypercholesterolemic 
woman, the rash developed after 18 days of 
therapy on a dose of 82 mg. per Kg. She had, 
without our knowledge, also undergone an 
intravenous pyelogram at another clinic 2 days 
before development of the skin reaction. The 
second case, a man, aged 60 with xanthoma 
tuberosum, received 74 mg. per Kg. per day for 
5 days when an identical rash appeared. The 
drug was stopped and the rash promptly disap- 
peared. After several trials of a single 0.35 Gm. 
dose, the full dosage was resumed 18 days later. 
After 9 days the rash reappeared, disappearing 
again after the drug was stopped. The patient 
was receiving the constant formula diet with no 
medication other than vitamins and iron. It 
appeared justifiable to assume that the skin 
rash occurred as a result of phenylvalerate 
treatment. No other side effects developed in 
any patient with the exception of the afore- 
mentioned single patient given phenylbutyr- 


amide. The only observed laboratory chang 
that occurred in all patients was the appearanc« 
of a “1+” reducing test for sugar in the urin« 
during the period of therapy. This promptly 
disappeared at cessation of the drugs and was 
assumed to represent an excretion product, 
possibly a glucuronide. No changes wer 
observed in the hemogram, phenolsulfonphthal 
ein excretion, or liver function tests. 
Discussion 

Only 1 patient in this study showed 4 
significant fall in serum cholesterol, and this 
decrease was only 13 per cent from the mea 
control value. While the series was small, each 
patient appeared to be adequately controlled 
as indicated by the relatively stable levels oi 
serum cholesterol during the control period. 
The data in table 2 include observations of the 
serum cholesterol in the 9 hypercholesterolemic 
patients during 12 separate control periods 
including 3 to 11 cholesterol determinations 
over periods of 16 to 68 days. All fluctuations 
were assumed to be random in the calculation 
of a standard deviation of the mean for each 
control period. The standard deviation of the 
mean ranged from 2.3 to 10.6 per cent with an 
average value of 5.5 per cent. 

It is important to mention here that most of 
the patients in this study had hypercholestero- 
lemia associated with normal serum triglyc- 
erides and clear sera, by far the commonest 
form of hypercholesterolemia seen in this clinic. 
Since none of these patients responded ap- 
preciably, even with treatment periods up to 3 
months, our studies make it appear highly 
unlikely that these compounds will have general 
clinical value. Cottet and associates,! using 
phenylbutyrate in doses of 2.4 to 3.2 Gm. per 
day, reported falls in cholesterol in 80 per cent 
of their patients. In all patients who responded, 
the fall occurred by the sixth week of therapy. 
The percentage decrease was greatest, averag- 
ing 40 per cent, in the 6 patients having initial 
cholesterols above 350 mg. per cent. In a second 
group of 52 patients, with initial cholesterols o! 
250 to 350 mg. per cent, there was an average 
fall of close to 30 per cent with treatment. Our 
patients given phenylbutyrate all fell into the 
first category of Cottet, i.e., initial blood 
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ciolesterol levels greater than 350 mg. per cent, 
lt showed no comparable response. Malmros 
hus also reported no definite effect of phenyl- 
butyrate in the treatment of hypercholestero- 
emia! 

Cottet and co-workers found that 6-phenyl- 
vy lerate, in doses of 4.2 to 5.6 Gm. per day, was 
a’ least as effective as phenylbutyrate.* Again 
ve failed to observe any significant effect of 
this compound, with the possible exception of 1 
patient who showed only a minimal response. 

There is now sufficient biochemical informa- 
tion concerning the mechanism of action of 
these compounds to provide an explanation for 
their apparent failure to affect the serum 
cholesterol level. As we have previously re- 
ported, a-phenylbutyrate and 6-phenylvalerate 
strongly inhibited the rate of acetate-1-C" 
incorporation into cholesterol by rat  liver.® 
This effect alone would appear to offer a 
mechanism for lowering cholesterol synthesis 
and eventually producing hypocholesterolemia. 
On the other hand, acetate incorporation into 
fatty acids and acetoacetate was also inhibited.® 
This suggested a site of action at one of the 
earliest stages in the metabolism of acetate and 
not exclusively on the pathway to cholesterol 
synthesis. Subsequent studies in this laboratory 
have shown that the site or sites of action of 
phenylbutyrate include, in fact, the very first 
reaction by which acetate enters the biosyn- 
thetic pathway, i.e., the aceto-coenzyme A 
kinase reaction by which free acetate is acti- 
vated to acetyl-coenzyme A. 

In over all metabolism, glucose and fatty 
acids are probably the main sources of carbon 
for endogenous cholesterol synthesis. Both can 
give rise to acetyl-coenzyme A without degra- 
dation to the level of free acetate. Conse- 
quently, inhibition of acetate activation need 
not have any effect on the rate of cholesterol 
svnthesis from these major precursors. From 
the results of current studies of the effect of 
these compounds on the incorporation of C'- 
glucose into cholesterol it will be possible to 
evaluate further the validity of this explanation 
for the failure to obtain effects on serum choles- 
terol levels despite the effective inhibition of 
(“acetate incorporation into cholesterol. The 
jailure of phenylbutyrate and related com- 


pounds to produce hypocholesterolemia in 
these studies may be considered supporting 
evidence that the contribution of free acetate 
to the pool of cholesterol precursors in the 
whole animal is a minor one. 

While the above interpretations are com- 
patible with all of the present findings, alterna- 
tive explanations cannot be excluded. However, 
it is reasonable to suggest that the search for 
chemical agents designed to inhibit cholesterol 
synthesis should be focused on later steps in the 
biosynthetic pathway, possibly at the level of 
the known 5-carbon intermediates, or of com- 
pounds containing the cyclopentanophenan- 
threne nucleus. 


SUMMARY 


Twelve hypercholesterolemic patients and 1 
normocholesterolemic patient were given so- 
dium alpha-phenylbutyrate and sodium beta-n- 
phenyl-valerate in doses of 17-120 mg. per Kg. 
for periods of 21 to 84 days. Dietary intake was 
carefully controlled, including the use of liquid 
formula diets in 6 patients. 

No significant depression in serum choles- 
terol was observed during treatment with the 
exception of a single patient whose cholesterol 
level fell less than 15 per cent. 

Two patients developed toxic reactions 
necessitating withdrawal of sodium phenyl- 
valerate. No effect on serum cholesterol was 
observed in a _ single normocholesterolemic 
patient given sodium a-phenylbutyramide. 

Reasons for the failure of these compounds to 
produce hypocholesterolemia despite their 
demonstrated inhibitory effect on the incor- 
poration of acetate into cholesterol are dis- 
cussed in terms of more recent biochemical 
information concerning their sites of action. 
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SUMMARIO IN INTERLINGUA 


Dece-duo patientes hypercholesterolemic e 1 
patiente normocholesterolemic recipeva alpha- 
phenylbutyrato e beta-n-phenylvalerato de 
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natrium in doses de 17 a 120 mg per kg durante 
periodos de 21 a 84 dies. Le ingestion dietari 
del patientes esseva cautemence regulate. Sex 
patientes recipeva dietas liquide a formula fixe. 

Nulle depression significative del cholesterol 
seral esseva observate in le curso del tracta- 
mento, con le exception de un sol patiente in 
qui le nivello de cholesterol descendeva per 
minus que 15 pro cento. 

Duo patientes disveloppava reactiones toxic 
que necessitava le cessation del uso de phenyl- 
valerato. Nulle effecto super le nivello seral 
de cholesterol esseva notate in le caso del 
patiente normocholesterolemic qui recipeva 
alpha-phenylbutyramido de natrium. 

Le rationes que explica le facto que iste 
compositos non produce hypocholesterolemia 
ben que illos exerce demonstratemente un 
effecto inhibitori super le incorporation de 
acetato in cholesterol es discutite super le 
base de plus recente informationes biochimic 
in re le sitos de lor action. 
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Congenital Absence of the Pulmonary Valve 


By Lucien A. Campgau, M.D., Paut E. Ruste, M.D., anp WarRREN B. Cooksey, M.D. 


The autopsy on a 32-year-old man revealed an absence of the pulmonary valve, a ventricular 
septal defect, and a single coronary artery. Congenital absence of the pulmonary valve has not 


been previously reported. The diagnosis of the accompanying pulmonary incompetence is discussed 
in the light of the catheterization studies and clinical findings. The pathologic abnormalities as 
found at postmortem examination are described and the embryologic basis for the several congenital 


ONGENITAL absence of the pulmonary 

valve has not been reported in the litera- 
‘ure although cases of congenital pulmonary 
incompetence due to other causes have previ- 
ously been described.!“* The following case is 
presented because of the unexpected finding of 
such an anomaly in an adult who apparently 
tolerated it relatively well. This malformation 
was associated with a large ventricular septal 
defect and a single coronary artery. 


CasE REPORT 


A 32-year-old white chef was admitted to the 
hospital because of dyspnea. The patient had been 
told that he had a heart murmur since the age of 
4 years but had had no squatting or cyanosis. His 
growth and development were significantly retarded 
and he was unable to keep up with children of his 
own age. He was rejected by the Army at the age of 
18, but was able to work as a chef in the merchant 
marine for the next 12 years before he began to show 
early signs of congestive heart failure. 

The patient had been asymptomatic until about 
2 years prior to admission, when he developed symp- 
toms of increased fatigability, generalized weakness, 
and some exertional dyspnea. He had minimal pedal 
edema intermittently but no paroxysmal nocturnal 
dyspnea, orthopnea, or hemoptysis. These symptoms 
were treated intermittently with digitalis and mer- 
curial diuretics with satisfactory improvement. One 
year prior to admission diagnostic studies including 
cardiac catheterization were performed at the Na- 
tional Institute of Health at Bethesda, Md. It was 
decided that surgical therapy could not be offered 
it that time and the patient was discharged without 
iurther therapy. He was admitted to our hospital 
because of a recent increase in symptoms. 

Review of systems was negative for other signifi- 
‘ant illnesses. He had the usual childhood infectious 
liseases but no history of rheumatic fever. His 
nother died at the age of 67 with “blood poisoning.” 


From the Department of Internal Medicine, 
Harper Hospital, Detroit, Mich. 





malformations found in this unusual case are discussed. 


His father died of a myocardial infarction at the 
age of 63. He had 4 brothers in good health. 

Physical examination revealed an acutely and 
chronically ill man who was moderately dyspneic, 
orthopneic, and apprehensive. He was pale, weak, 
but cooperative. He appeared underdeveloped. 
There was moderate lip, perioral, and nailbed cyano- 
sis. The hair was fine, sparse, and lifeless. The skin 
was cool and covered with profuse perspiration. 
There were no petechiae of the mucous membrane 
or retina. The trachea was midline and no tug was 
present. The thyroid gland was not enlarged. There 
was no lymphadenopathy. 

The respiratory rate was 32 per minute with some 
use of the accessory muscles of respiration. He had 
a pigeon-chest deformity, with the major bulge to 
the left of the midsternal line, and marked kypho- 
scoliosis. There were hyperresonance over the entire 
right side of this chest and dullness over the lower 
left side posteriorly. The right hemidiaphragm was 
depressed to the level of the eleventh rib and did not 
move with respiration. The breath sounds were 
vesicular over the entire right and upper portion of 
the left side of the chest. Breath sounds were dimin- 
ished over the left lower lobe. There were fine crepi- 
tant rales over the right upper lobe anteriorly and 
over the left lower chest posteriorly and laterally. 
The remainder of the chest was normal to ausculta- 
tion. 

The radial pulses were full, equal, and regular at 
130 per minute. The blood pressure was equal in each 
arm at 150/84. There was a turbulent movement of 
the precordium and a widespread systolic thrust: 
The left border of the cardiac dullness was in the 
midaxillary line and the point of maximum impulse 
was in the sixth and seventh interspaces in the mid- 
axillary line. The supracardiac dullness was at the 
midclavicular line in the third interspace on the left 
and at the sternal border on the right. A rough, rum- 
bling, grade IV systolic murmur was heard with a 
maximum intensity in the third and fourth inter- 
spaces at the left sternal border and was widely 
transmitted over the entire precordium to the axilla 
and to the back. A less intense grade II diastolic 
murmur was heard over the base of the heart in the 
left third and fourth interspaces extending to the 
right of the sternum in the fourth interspace, giving 
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CONGENITAL ABSENCE 


Fic. 1. Postero-anterior roentgenogram of the 
chest on admission. 


the heart murmur a machinery-like quality. The 
heart sounds were obliterated by the murmur except 
at the apex where the mitral first sound was greater 
than the mitral second sound. 

The abdomen was negative except for an enlarged, 
tender, smooth liver extending 5 cm. below the right 
costal margin in the right midclavicular line. There 
was no clubbing of the fingers. There was 1 plus 
pedal edema. 

Laboratory data on admission revealed a hemo- 
globin of 15.6 Gm. per cent, a red blood cell count of 
5.69 million, and a white blood cell count of 9,100, 
with 69 per cent neutrophils, 29 per cent lympho- 
cytes, and 2 per cent basophils. Urinalysis revealed 
4 plus albumin and a specific gravity of 1.008. There 
were 2 to 3 granular casts and occasional pus cells 
per low-power field on microscopic examination. 

The admission chest roentgenogram (fig. 1) re- 
vealed a grossly enlarged heart apparently due 
mainly to right ventricular enlargement. There was 
gross dilatation of the main pulmonary artery, and 
the intrapulmonary vessels were prominent. At 
fluoroscopy the pulmonary arteries were markedly 
pulsatile and the aorta was hypoplastic. Clouding 
the left costophrenic sulcus suggested the presence 
of a minimal pleural effusion. 

The patient was treated with oxygen, digitalis, 
diuretics, and analgesics. His temperature rose to 
102 F. rectally and the pulse to 160 per minute 5 
hours after admission and he had a marked increase 
in diaphoresis. He died quietly 9 hours after admis- 
sion. 

The following information was obtained from the 
National Institute of Health, Bethesda, Md. where 
the patient had been intensively studied 1 year ago. 
The electrocardiogram was reported to show right 
bundle-branch block, with right ventricular and 
atrial hypertrophy. Cardiac catheterization revealed 
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Fic. 2. Pulmonary artery pressure patterns and 
simultaneous electrocardiogram. A. Patient (last com- 
plexes darkened with pencil tracing); B. Normal. 


a pulmonary artery pressure of 180/23-28 and a 
right ventricular pressure of 180/0. The pressure 
curve obtained from the pulmonary artery is pre- 
sented in figure 2. A gradient of 3 to 4 volumes per 
cent oxygen content was found between the right 
ventricle and the right atrium. 

It was thought that this specimen of highly oxy- 
genated blood obtained at the right ventricular level 
had been drawn from the left ventricle through a 
ventricular septal defect. The total systemic blood 
flow was calculated at 15 L. per minute and the pul- 
monary blood flow at 2.72 L. per minute, giving a 
right-to-left shunt of 12.3 L. per minute. These fig- 
ures were considered to be unreliable because the 
patient, who was questionably cyanotic before cathe- 
terization, became frankly so during the procedure, 
indicating a possible reversal of shunt. The cyanosis, 
however, was also partially due to pulmonary fac- 
tors, as evidenced by the improvement in the arte- 
rial oxygen saturation after oxygen was administered 
by mask. The angiocardiogram was of no diagnostic 
aid because of the great dilution of the dye in the 
dilated right ventricle and pulmonary artery. The 
data from the cardiac catheterization suggested the 
presence of an interventricular septal defect and pul- 
monary hypertension. 

Necropsy Findings. An autopsy was performed by 
Dr. W. L. Brosius.* The body was poorly developed, 
with the chest deformity previously described. Ap- 
proximately 200 ml. of clear yellow fluid were found 
in each pleural space. The right and left lungs 
weighed 730 and 444 Gm. respectively. There were 
dependent congestion and emphysematous changes 
in both lungs. The left upper lobe contained large 
emphysematous bullae. There were no pulmonary 





*We are indebted to Dr. P. F. Morse, and Dr. 
W. L. Brosius, Dept. of Pathology, Harper Hospital 
for the description of the postmortem findings. 
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emboli or infarctions and the tracheobronchial tree 
was free of obstruction. 

The heart weighed 1160 Gm. and occupied most 
f the left thoracic cavity. The pericardial sac con- 





TABLE 1.—Measurements of Heart at Autopsy 





Weight 1160 Gm. 
Left ventricular wall (thickness) 1.6 cm. 
Right ventricular wall (thickness) 2 cm. 
[ricuspid valve (circumference) 11 cm. 
Conus arteriosus (circumference) 10 cm. 
Pulmonic ring (circumference) 8.4 cm. 
Pulmonary artery (at its greatest cir- 
cumference, 4 cm. above the pul- 
monic ring) 
Mitral valve (circumference) 
Aortic valve (circumference) 
Interventricular septal defect (diam- | 
eter) 








tained approximately 400 ml. of clear yellow fluid. 
The venae cavae and the right atrium were mark- 
edly dilated. The tricuspid valve appeared normal. 
The measurements of the heart structures are listed 
in table 1. The right ventricle was greatly enlarged 
and its walls were markedly hypertrophied. There 
was no infundibular stenosis. There was complete 
absence of the pulmonary valve; however, a small 
fibrous band 2 cm. in length at the pulmonic ring 
could possibly represent a rudimentary single valve 
cusp (fig. 3). There was no evidence of scarring or 
previous inflammatory lesions at the pulmonic ring 
area. The pulmonary arterial tree was grossly di- 
lated; the walls were extremely thin and several 
arteriosclerotic plaques were noted at the main bi- 
furcations. 

The left atrium was of normal size. There was no 
interatrial septal defect and the foramen ovale was 
not patent. The mitral valve appeared normal. The 
left ventricle was slightly enlarged and hypertro- 


Fig. 3. Photograph of the heart illustrating the absence of the pulmonary valve and the dilated 
pulmonary artery. 
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Fic. 5. Schematic illustration of the course of the 
single coronary artery over the anterior surface of 
the heart. 


phied. The anterior apical wall was very thin and 
after the specimen had been in a formol solution for 
a week, the myocardium showed some yellow-gray 
discoloration at the apical segment of the left ven- 


tricle and the lower part of the septum where an 
acute infarction appeared to have been present and 
was subsequently definitely established by histologic 
studies. A large defect involving the superior medial 
area of the septum measured 2.5 em. in its horizontal 
diameter (fig. 4). There was no overriding of the 
aorta; the aortic valve was small and the aorta ap- 
peared hypoplastic. 

A single coronary ostium (fig. 5), situated 0.5 cm. 
above the right posterior aortic cusp gave origin to 
a large trunk from which immediately arose 3 ves- 
sels. The largest followed the distribution of a right 
coronary artery. The smallest continued anteriorly 
over the right ventricle. The third, coursing in front 
of the conus arteriosus to the left ventricle, assumed 
a pattern grossly similar to the normal left coronary 
artery with short circumflex and hypoplastic ante 
rior descending branches. No occlusive lesions 01 
pathologic narrowing was seen in the underdeveloped 
left coronary artery. The intimal surface of the 
coronary vessels was normal. 

The liver weighed 1485 Gm. and was nutmeg in 
appearance. The spleen weighed 275 Gm. The gas- 
trointestinal and biliary tracts, pancreas, adrenal 
glands, and kidneys were free of significant pathol- 
ogy, except for generalized passive congestion that 
involved all the abdominal viscera. 
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Fig. 6. Photomacrograph of a vertical section of the pulmonary artery and the aorta at the level 
of the pulmonic ring showing the fibrous band on the left and the aortic cusp on the right. 
Fig. 7. Section of the lung illustrating the medial hyperplasia and subintimal thickening of the 


pulmonary arterioles. X 22. 


On microscopic examination no specific inflamma- 
tory changes were observed in the pulmonary arte- 
rial walls and pulmonic ring area (fig. 6). A marked 
degree of medial hyperplasia and subintimal thick- 
ening was present in medium-sized and small ar- 
teries (fig.7). Many terminal arterioles were occluded 
and microscopic infarctions were noted. Extensive 
changes characteristic of an acute myocardial in- 
faretion were seen on the sections taken from the 
apical segment of the left ventricle and the lower 
portion of the septum. The entire thickness of the 
ventricular wall was involved in some areas. 


Discussion 

It appears that the pulmonary valve anomaly 
is a congenital malformation. The disappear- 
ance of aortic valve cusps has been reported 
to follow acute endocarditis with resulting 
ulceration and almost complete destruction 
of the valve leaflets.’ Acquired lesions of the 
pulmonary valve are extremely rare and such a 
complete destruction of pulmonary valve 
cusps has not been described. The only case 
cf reduction in the number of pulmonary 
valves secondary to arteritis, a bicuspid valve 
in that instance, was reported by Grawitz.® 
Jn our case, the gross and histologic examina- 
tions of the pulmonary valve showed no evi- 


dence of scarring or previous inflammatory dis- 
eases. The association of other developmental 
anomalies further strengthens the probability 
of a congenital origin. 

This malformation was necessarily associ- 
ated with pulmonary incompetence. Few cases 
of congenital pulmonary insufficiency have 
been reported in the literature. Abbott! de- 
scribed 8 cases: 6 were due to congenital dilata- 
tion of the pulmonary artery and the other 2 
resulted from supernumerary cusps. Oppen- 
heimer? reported 8 cases of idiopathic dilatation 
of the pulmonary artery and its branches, 
in 4 of which there was evidence of pulmonary 
insufficiency. Ford and co-workers‘ recently 
described a case of bicuspid pulmonary valve 
with pulmonary insufficiency and, in an excel- 
lent review of the literature on bicuspid valves, 
concluded that 4 other cases may have had 
pulmonary incompetence. Functional pul- 
monary insufficiency associated with other 
congenital heart defects is, on the other hand, 
quite common. 


In our patient, the pulmonary insufficiency 
suspected before death was considered to be 
functional. In retrospect, the absence of the 
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pulmonic second sound in the presence of 
pulmonary hypertension and the abnormal 
pressure pattern obtained from the pulmonary 
artery may have suggested an organic insuffi- 
ciency. When regurgitation is due to pulmonary 
hypertension a very loud second heart sound 
is heard over the pulmonic area. The complete 
absence of an incisura on the descending limb 
of the systolic component of the pressure 
curve (fig. 2), which normally indicates the 
closure of the valves, correlates well with the 
absence of the pulmonary valve cusps and 
with the probable lack of a valvular mechanism 
during life. The shape of the pressure tracing 
with its rapid and steep fall to a relatively low 
diastolic level is quite similar to a ventricular 
pattern and may suggest a valvular incom- 
petence. Several authors’:+ have described 
pressure patterns suggestive of pulmonary 
regurgitation: the most significant criterion 
appears to be a drop of the arterial diastolic 
pressure to, or very close to, the level of the 
ventricular end-diastolic pressure, producing 
a wide pulse pressure. In our case, the diastolic 
pressure was relatively low but yet it did not 
approach the diastolic ventricular pressure. 
On the other hand, there was considerable 
widening of the pulse pressure. If the ven- 
tricular diastolic pressure of 0 was correct, 
the persistence of a diastolic pressure in the 
presence of such a complete anatomic incom- 
petence may be explained by the tachycardia 
and the marked pulmonary systolic hyper- 
tension. 

The degree and significance of the pulmonary 
insufficiency are difficult to evaluate clinically 
in the presence of the associated interventricu- 
lar septal defect. If the functional disturbance 
was comparable to the anatomic malformation, 
the regurgitation must have been extremely 
severe and most likely of hemodynamic 
significance. However, pulmonary incompe- 
tence, on theoretic grounds at least, may be 
relatively well tolerated, since the pulmonary 
diastolic gradient is normally quite small. 
This hypothesis appears to be corroborated by 
the experimental studies of Barger and associ- 
ates’ who produced pulmonary insufficiency 
in dogs but were unable to precipitate conges- 
tive failure. Ford and co-workers‘ concluded 


that a bicuspid pulmonary valve, even jf 
anatomically incompetent, does not induce 
failure unless additional strain is superimpose: 
on the heart by other cardiac or pulmonary 
diseases. Similarly, the large ventricular sept:)] 
defect and pulmonary hypertension in our 
patient may have grossly exaggerated the 
pulmonary incompetence, which might have 
been relatively asymptomatic as an isolate:| 
defect. 

Although we are unable to clearly define the 
role played by the pulmonary valve anomaly, 
we believe that the ventricular septal defect 
was largely responsible for the altered circula- 
tory dynamics and the resultant clinical pic- 
ture. The small aorta and aneurysmal dilatation 
of the pulmonary arterial tree suggest a 
previous left-to-right shunt at the level of the 
ventricles. The pulmonary arterioles showed 4 
marked medial hyperplasia (fig. 7) and endo- 
thelial thickening, as described in cases of 
Eisenmenger’s complex and large interven- 
tricular septal defect with pulmonary hyper- 
tension. With the development of the secondary 
hypertension, a right-to-left shunt ensued, 
which was manifested clinically by the late 
appearance of cyanosis. 

The clinical course and catheterization data 
suggested an Eisenmenger’s complex or a large 
ventricular septal defect with pulmonary 
hypertension. The absence of the pulmonary 
valve and the single coronary artery were 
unexpected postmortem discoveries. 

Death followed an acute myocardial infarc- 
tion. Such an occurrence is not unusual in 
the presence of congenital anomalies of the 
coronary vessels. In a series of 27 adults with 
single coronary artery, 4 deaths resulted from 
this complication.’ Our patient presented a 
single coronary ostium with hypoplastic left 
branch arising essentially from a large right 
coronary artery (fig. 5). A true single coronary 
artery acceptable to Hyrtl’ is one that supplies 
the entire heart and from which arises no 
significant anomalous branches.’:'° Others 
have defined a heart with a single coronary 
artery as one in which the entire myocardiun 
is supplied by an artery that, regardless 0: 
distribution, arises from a single ostium 
Associations of a single coronary artery 
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taken in its broad sense, and other congenital 
heart malformations have not been reported 
in adults.’ However, Smith*® claimed that 
autopsy examination of infants with a single 
coronary artery frequently reveals other 
anomalies of the heart and great vessels. 

It is quite possible that these congenital 
nalformations resulted primarily from the 
sume embryologic error, a misplacement of the 
aortic septum at the time of the division of the 
bulbous arteriosus into pulmonary artery and 
aorta. Interventricular septal defects may 
result from an abnormal position or untimely 
development of the aortic septum, which then 
fails to unite with the interventricular septum 
to form the pars membranacea." Such defects 
are frequently associated with bicuspid pul- 
monary valves. Simmonds” explained the 
development of reductions of pulmonary valve 
cusps, particularly bicuspid valves, by a similar 
maldirection of the aortic septum, which then 
improperly divides the endocardial cushions, 
the precursors of the cusps. A single coronary 
ostium has also been attributed by Robert 
and Loube™ to a misdirection of the aortic 


septum with crowding together of the coronary 
anlages. 


SUMMARY 


A clinical and pathologic study of a case of 
congenital absence of the pulmonary valve 
associated with a large ventricular septal 
defect and a single coronary artery in an adult 
is presented. It is of interest that a review of 
the literature failed to discover other cases of 
complete absence of pulmonary valve cusps. 
However, congenital pulmonary incompetence 
due to other causes has been reported. 

The diagnosis of the pulmonary incompe- 
tence is briefly discussed. It might have been 
suggested by the pressure tracings obtained in 
the pulmonary artery, particularly by the 
relatively low diastolic pressure and absence of 
the incisura on the descending limb of the 
systolic component. It is believed that the 
pulmonary incompetence was of hemodynamic 
significance but that the ventricular septal 
defect was largely responsible for the altered 
hemodynamics and resultant clinical picture. 
Death followed an acute myocardial infarction 


that was most likely related to the congenital 
anomaly of coronary vessels. 

It is suggested that the same embryologic 
error may have induced the several congenital 
malformations found in this unusual case. 


SUMMARIO IN INTERLINGUA 


Es presentate studios clinic e pathologic 
de un caso de congenite absentia del valvula 
pulmonary in un adulto, associate con un 
grande defecto del septo ventricular e un sol 
arteria coronari. Es interessante notar que un 
revista del litteratura resultava in le discoperta 
de nulle altere caso de complete absentia del 
cuspides pulmono-valvular. Tamen, reportos 
de casos de congenite incompetentia pulmonar 
per altere causas non es absente in le littera- 
tura. 

Le diagnose del incompetentia pulmonar in 
le caso hic presentate es discutite brevemente. 
Il haberea essite possibile suspicer le diagnose 
super le base del registrationes de pression 
obtenite in le arteria pulmonar, e specialmente 
super le base del relativemente basse pression 
diastolic e le absentia del incisura in le por- 
tion descendente del componente systolic. 
Nos opina que le incompetentia pulmonar 
esseva de signification hemodynamic sed que 
le defecto del septo ventricular esseva in 
grande mesura responsabile pro le: alterate 
hemodynamica e le resultante tableau clinic. 
Le morte del patiente occurreva post aun acute 
infarction myocardial. Isto esseva probabile- 
ment relationate al anormalitate congenite 
del vasos coronari. 

Es stipulate le these que le mesme error 
embryologic habeva inducite le varie malforma- 
tiones congenite que esseva trovate in iste 
caso inusual. 
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Contradictory reports have appeared concerning the effect of sitosterol upon blood cholesterol 
and lipids in human subjects. In the present study the serum cholesterol level and lipoprotein 
pattern were measured to observe the effect of sitosterol on patients on an unrestricted diet and 
on a low-fat diet using various doses and forms of the agent. It was found that 6-sitosterol pro- 
duced a reduction in serum cholesterol concentration on unrestricted diets regardless of the initial 
blood cholesterol level. No untoward side effects were encountered, nor was there a significant 
weight change. The minimum effective dose was found to be above 10 Gm. daily for a 4-week 
course of treatment. Two patients maintained on a low-fat diet evidenced a further lowering of 
serum cholesterol upon the addition of sitosterol. The electrophoretic lipoprotein patterns during 
the treatment program revealed a decrease in the large 6-lipid zone including the tall beta peak 
and extending to the cathode side of the point of application. There was no significant alteration 
in the a-lipid fraction or in the protein pattern. The authors state that a reduction of lipid in the 
B-globulin fraction and of serum cholesterol may be effected with sitosterol without dietary fat 
restriction. 
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Assay of Anti-Anginal Agents 


I. A Curve Analysis with Multiple Control Periods 


By Srymour L. Coir, M.D., Harry Kaye, M.D., anp Grorce C. GrirritH, M.D. 


The measure of an anti-anginal agent is its ability to decrease chest pain. Because of the subjective 
character of pain, extreme care is necessary in choosing patients upon whom anti-anginal medi- 
cation is to be tested. We have used the double-blind technic and an initial control period to 
neutralize the many extraneous mental and physical factors, such as bias or the patient-physician 
relationship itself, that might interfere with an accurate appraisal. This study shows, in addition, 
that proper evaluation of an anti-anginal agent requires that its effect be measured against multiple 
control periods without medication throughout the various phases of angina pectoris. 


PINIONS concerning the efficacy of each 

of the various medical agents in the con- 
tinuous treatment of angina pectoris have 
ranged from the enthusiastic to the negative. In 
an attempt to determine the place of anti- 
anginal agents in the management of this symp- 
tom-complex and to resolve these recurrent 
discrepancies, 4 drugs were tested: tri- 
ethanolamine trinitrate (Metamine), calcium 
theophyllinate (Calphyllin), pentaerythritol 
tetranitrate (Peritrate), and chlorpromazine 
(Thorazine).* 


PROCEDURE 


An angina study group was formed to which 
patients with angina pectoris were referred from the 
cardiac outpatient clinic of the Los Angeles County 
Hospital. The group met with patients at weekly 
intervals over a 2-year period. At the initial visit each 
patient was carefully evaluated as to the presence 
of angina pectoris on the basis of coronary artery 
disease—from history, physical examination, elec- 
trocardiograms, and other laboratory procedures. 
At each follow-up visit patients were questioned 
concerning the course of the disease and the effect of 
medication they were taking; they were weighed, 
their blood pressures were taken, and heart and 
lungs were examined. Every patient was instructed 
in keeping a daily record sheet of the number, fre- 
quency, duration, and severity of anginal attacks, 
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together with the number of nitroglycerin tablets 
taken. At each visit these sheets were reviewed, and 
the patients were questioned concerning emotional 
upsets, concurrent illness, changes in rest or activity, 
and any other factors that might be expected to 
affect the course of angina pectoris. All pertinent 
facts, together with patient’s opinions as to the 
efficacy of medication or absence of medication 
during the preceding period, were then assembled on 
a master chart. 

A control method was employed, in that each 
patient had repeated periods during which he re- 
ceived, in random succession, (1) no anti-anginal 
medication other than nitroglycerin; (2) pills con- 
taining the active drug under study, plus nitro- 
glycerin as needed; (3) blank pills, identical in ap- 
pearance with the drug, plus nitroglycerin as needed. 
Neither physicians nor patients knew whether active 
drug or placebo was being given. Frequent control 
periods without medication were obtained. Electro- 
cardiograms were taken initially and following each 
successive trial of drug and of identical placebo. 

A continuous graph was constructed from each 
patient’s daily chart to show the average daily 
number of chest pains and nitroglycerin tablets 
taken per week per period for the entire study, and 
the multiple successive control periods without anti- 
anginal medication (other than nitroglycerin). 

A patient was considered to be improved when 
the severity, duration, and frequency of anginal 
attacks were lessened and when nitroglycerin intake 
was decreased. In addition, a drug was considered 
to be effective when a patient reported a definite 
sustained improvement from it or asked for the drug 
to be continued past the period of its scheduled use. 


Selection of Patients 


Less than one-fourth of the patients referred to 
the angina study group from the cardiac outpatient 
clinic of the Los Angeles County Hospital proved 
suitable subjects for the evaluation of anti-anginal 
agents. Principal factors responsible for exclusion of 
the majority of patients included chest pains from 


Circulation, Volume X V, March 1957 





> 
= 


CONTROL 2 


—— AVERAGE DAILY PAINS PER WEEK PER PERIOD -——— 


° 


30 40 50 60 
WEEKS 


Fig. 1. Ski curve showing progressive decrease in 
chest pain frequency followed by prolonged plateau of 
lesser pain frequency (the post-rapport period). 
MET = Metamine (2 mg.), CAL = Calphyllin (0.5 
Gm.), PER = Peritrate (10 mg.), 7H = Thorazine, 
Pmet = Metamine placebo, Pcal = Calphyllin pla- 
cebo, P per = Peritrate placebo (3 to 8) = number 
of tablets daily. (Notations are the same for figures 
1-6). 
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Fic. 2. Ski curve complicated by emotional stress 
in the post-rapport period. 


other sources—cervical arthritis, peptic ulcer, gall- 
bladder disease, or diaphragmatic hernia, to mention 
a few—which tended to obscure the patients’ anginal 
attacks; a psychogenic overlay of anxiety of such 
magnitude that every minor ache or chest pain was 
construed as an anginal attack; inability or unwill- 
ingness to keep the detailed records necessary; and 
too few attacks. 

A patient’s unsuitability was not always immedi- 
ately apparent. Seventeen patients were eliminated 
only after the study had already been under way for 
some weeks. For example, one patient persisted in 
listing the same number of pains each day although, 
on close questioning, she was found to experience 
marked daily variation in frequency of attacks. 
A second patient claimed to have “175 to 250 sep- 
arate severe pains in the chest each day ...” un- 
verified, naturally, by other members of the family. 
A third patient, whose angina apparently was severe 
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enough to require him to take 12 to 15 tablets of 
nitroglycerin each day, proved able to go without a 
single tablet for a period of 3 weeks after his supply 
of tablets was exhausted. Some patients eventually 
were found to have too few attacks for statistical 
study; others found it impossible to attend the 
clinic regularly. One patient died of myocardial 
infarction. 

The remaining 24 patients, 13 men (41 to 79 
years old) and 11 women (48 to 89 years old) formed 
the group studied. Two men and 4 women had a 
history of myocardial infarction, 8 (5 women and 
3 men) had hypertension, and 1 woman had syphi- 
litic aortic insufficiency and aortic aneurysm. 


RESULTS 
Curves 


Graphs of the average number of daily an- 
ginal attacks per week yielded curves that 
usually paralleled graphs of the number of 
nitroglycerin tablets taken, although the latter 
were more variable. On some occasions the 
attack was too short or mild for the patient to 
take a nitroglycerin tablet; on other occasions 
the patient would take more than one tablet 
during an attack. The number of nitroglycerin 
tablets taken by 1 patient increased suddenly 
although the number of attacks remained con- 
stant because that patient became convinced 
he might prevent the attack if he took nitro- 
glycerin prophylactically. Similarly, nitro- 
glycerin intake of another patient increased 
when he found he was permitted to take more 
nitroglycerin tablets than a (self-imposed) 
restricted daily number. As “pain” curves 
generally paralleled nitroglycerin intake curves, 
and the latter were more variable, only the 
“pain” curves will be taken into consideration. 
Since patients had difficulty in evaluating the 
severity and duration of pain, only the fre- 
quency of pains has been plotted. 

Analysis of the continuous curves of pain 
frequency reveals 6 main types. The first curve 
(found in 14 of the 24 patients) resembles a ski 
in shape—with an initial downward slope 
representing improvement regardless of suc- 
cession of drug, placebo, or no medication, 
followed by a straight line or plateau of longer 
duration (figs. 1-3). 

The second curve (found in one third of the 
patients) is a straight line, showing no marked 
deviation regardless of drug, placebo, or period 
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Fig. 3. Ski curve—effect of (1) concurrent disease 
id (2) drugs in the post-rapport period. 
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Fia. 4. Straight line curve of pain frequency 


of no medication (fig. 4). The third (3 cases), 
a modification of the second, is a straight line 
with minor fluctuations, without apparent 
cause or correlation with drug, placebo, or 
period of no medication (fig. 5). 

The fourth curve (3 cases) demonstrates a 
hump coincident with a period of emotional 
strain (fig. 2) or concomitant illness that 
caused a temporary increase in frequency of 
attacks of pain (fig. 3). Increasing severity, 
due to general deterioration of the patient’s 
condition or following myocardial infarction, 
caused the hump to become an ascending slope 
(the fifth type seen in 3 cases, fig. 6). 

Sixth, (1 case) is a dip in the curve represent- 
ing a decrease in the frequency of chest pains 
due to drug therapy—a decrease more pro- 
nounced than the decrease following placebo 
idministration or periods without medication 
(fig. 3). 

The initial downward slope of the ski curve 
ranged from 5 to 21 weeks and averaged 11 
weeks. 
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Fig. 5. Straight line curve showing spontaneous 
fluctuations. 
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Fia. 6. Ascending slope of increased pain frequency 
following myocardial infarction. 


An average of 3 control periods per patient 
was obtained: the range was 2 to 6 control 
periods in the majority of the patients who 
were conscientious in clinic attendance. The 
maximum number of pains during a control 
period (period without anti-anginal medica- 
tion) was 29; the minimum, 0—during a period 
of complete remission. For the individual 
patient, a maximum variation of 12 episodes of 
severe pain was reported during control periods; 
on the average, variation among control periods 
was 6 pains. 


Tue Drucs 
Metamine 


Metamine, in 2-mg. tablets, was prescribed 
for 24 patients, to be taken after meals and 
before bedtime in daily doses ranging from 6 to 
16 mg. For periods averaging 5 weeks, 2 pa- 
tients took 1 tablet 3 times a day; 20 patients 
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took 1 tablet 4 times a day; and 12, some of 
whom had been on the lesser dosage, took 2 
tablets 4 times a day. Increase in dosage 
employed was not found to cause a concomitant 
decrease in attacks of chest pain. 

Comparison of Metamine and its placebo 
with only the initial control period without 
medication made it appear that 9 patients were 
improved by Metamine; 2 were improved by 
the placebo; 2 were improved by both Meta- 
mine and by the placebo; 11 patients were not 
improved by Metamine or the placebo. When 
periods of drug and placebo medication were 
analyzed on the curve against multiple suc- 
cessive periods of no medication, however, the 
number of pains and number of nitroglycerin 
tablets were found to be equally as low in 
periods with no medication for all patients but 
the few who had preliminary but no successive 
control periods without medication. One pa- 
tient complained of nausea and headache 
following the drug—not severe enough to make 
him discontinue the active drug; none of the 
patients experienced side effects from the 
placebo. No patient voluntarily asked for 
Metamine to be continued beyond the sched- 
uled time. Serial electrocardiograms showed no 
changes that could not be explained by the 
varying course of coronary disease. No sig- 
nificant changes in pulse or blood pressure or 
weight occurred. 


Calphyllin 


Calphyllin, in tablets of 0.5 Gm., was given 
in total doses ranging from 1.5 Gm. to 2.0 Gm. 
Seventeen patients took Calphyllin in doses of 
0.5 Gm. 3 times a day after meals or 4 times a 
day—the last dose before bedtime. 

Comparison of Calphyllin and its placebo, 
with only the first control period without 
medication, appeared to show that 3 patients 
were improved by Calphyllin; 2 were improved 
by the placebo; 1 was improved by either 
Calphyllin or the placebo; 11 were not improved 
by either Calphyllin or the placebo. When 
periods of drug and placebo medication were 
contrasted with successive periods without 
medication, however, the frequency of anginal 
pains and numbers of nitroglycerin tablets 
taken were just as low in periods without 
medication. Six patients had gastrointestinal 


complaints, consisting of nausea, heartburn, 
abdominal burning and cramps, and constipa- 
tion. Three patients had similar complaints 
while taking the placebo. One patient stopped 
the medication because of tachycardia and 
palpitation. The others were induced to con- 
tinue medication throughout the period of 
study in spite of the side effects. No patient 
requested Calphyllin past the test period. No 
significant changes in electrocardiograms, blood 
pressures, and pulse rates were noted. 


Peritrate 


Peritrate, in 10-mg. tablets, was prescribed 
for 14 patients before meals and at bedtime in 
daily doses ranging from 40 to 80 mg. Seven of 
these patients received 10 mg. 4 times a day, 
and for periods averaging 7 weeks all 14 patients 
took 20 mg. 4 times a day. In addition 2 of the 
patients received Peritrate from outside sources 
for brief intervals extraneous to the study. 

From comparison of Peritrate with its 
placebo and with only the initial control period 
without medication, it appeared that 6 patients 
were improved by Peritrate; 1 patient was 
improved by the placebo; 1 patient was im- 
proved by both Peritrate and the placebo, and 
6 patients were not improved by either Peri- 
trate or the placebo. When periods of drug and 
placebo were compared on the curve with suc- 
cessive periods of no medication, only 1 patient 
still showed greater improvement while re- 
ceiving Peritrate. Another patient reported a 
definite increase in frequency of chest pains 
when she ran out of Peritrate. Of the 2 patients 
who had received Peritrate from extraneous 
sources, although both remembered previous 
benefit, only 1 was improved during the ad- 
ministration of Peritrate in this study. Seven 
of the patients on the larger dose of Peritrate, 
and 3 on the placebo had headaches and minor 
gastrointestinal discomfort, not severe enough 
to require cessation of medication. No electro- 
cardiographic changes occurred that could not 
be explained by the usual course of coronary 
disease; no significant changes in weight, pulse 
or blood pressure were noted. 


Thorazine 


Thorazine was given to 4 patients in doses 
ranging from 10 mg. to 50 mg. 4 times a day as 
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a pilot study. Temporary improvement was 
noted on 40 mg. a day in 2 patients. When 
japrovement could not be maintained even 
tough the dose was quintupled, further inves- 
t gation with Thorazine employing multiple 
control periods was not attempted. 


DISCUSSION 


Assay of an anti-anginal agent is the measure- 
rent of a completely subjective sensation—the 
decrease in frequency and severity of chest 
pain. Studies have shown pain to involve not 
only physical perception but also a psychologic 
reaction.! The level of pain perception normally 
is fairly uniform from individual to individual, 
Lut persons vary greatly in their reaction to 
pain. Since the effectiveness of anti-anginal 
agent is based on a cooperative patient’s report 
of his reactions,” the many factors that con- 
dition these reactions must be taken into con- 
sideration before a valid evaluation of the 
agent can be made. 

Effects of these factors on the capricious 
course of angina pectoris is illustrated in the 
continuous curves of pain frequency. Compari- 
son of multiple control periods without drugs at 
successive stages along the curves shows spon- 
taneous fluctuations and demonstrates great 
variation in frequency of anginal attacks in 
response to mental, emotional, and physical 
stimuli. 

A good example is the initial downward slope 
of the ski curve that occurred in over 50 per 
cent of the subjects during the first 3 months of 
observation, regardless of the random succes- 
sion of drug, placebo, or period without medica- 
tion. The decrease in frequency of chest pain 
was probably due to the fact that the patients 
were taken from a general cardiac clinic and 
placed in a select group for special attention. 
The establishment of exceptionally good psy- 
chologic rapport between doctor and patient, 
and the attendant ceremony of drug research 
ire considered primary causes for improvement 
during this period. This observation agrees 
with that of Master and co-workers? who stated 
that any new type of therapy may bring relief 
from attacks of chest pain for a few weeks. The 
remainder of the ski curve was usually a level 
plateau in which the number of pains in control 
periods almost always was much less than at 


the beginning of the study. Without these 
control periods (without medication) credit 
would be given to any medication that was 
being administered at the time. 

The effect of physical disease or emotional 
disturbance was evidenced by a temporary 
hump in the plateau or straight line curves. On 
3 occasions the hump became an ascending 
slope when the patient’s general condition 
worsened, following myocardial infarction or 
concomitant illness. These findings bear out the 
statements of Gold and associates,‘ that when a 
patient declares that pain has diminished dur- 
ing medication, improvement may be due to 
specific action of the drug, or to any of a number 
of factors—change in weather, change of oc- 
cupation or in amount of work performed, 
change in eating habits, increase in amount of 
rest, relief of constipation, alleviation of 
emotional stress, and improvement in financial 
or domestic affairs, to mention but a few. The 
action of drugs used in this study has a rela- 
tively minor effect. In only 1 case in this series 
did a definite dip occur in the curve showing a 
decreased number of anginal attacks during 
period of active drug administration as com- 
pared with placebo administration and periods 
without medication. 

Angina pectoris is a variable subjective 
manifestation with little consistent quantita- 
tive relation to the underlying coronary 
disease, and little correlation with electro- 
cardiographic changes under the stress of 
exercise.> Silber and Katz® emphasized that 
angina pectoris is pain and, in this sense, must 
be analyzed in terms of the physiology of 
sensation, quite apart from factors having to do 
with coronary flow. As they state, “it cannot be 
shown that there is a high correlation between 
the ability of a drug to prevent electrocardio- 
graphic changes under stress and to prevent 
anginal pain.” To find patients with coronary 
disease on whom to test coronary vasodilators, 
Russek and associates’ spent 4 years and 
screened 3,000 patients before they found 52 
individuals with a relatively constant positive 
response to a given amount of exercise. Batter- 
man,’ commenting on this work, asserted that 
although some subjects have a sensitive electro- 
cardiographic configuration that may or may 
not respond to certain drugs, electrocardio- 
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TaBLE I.—Average Daily Number of Pains per Week 
During Control Periods without Anti-Anginal Agent 
or Placebo 
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* During complicating abdominal disease. 
graphic response is not a valid measure of the 
effectiveness of the drug in the treatment of an- 
gina pectoris, a subjective pain sensation. 

Since Heberden’s® concise classic, it has been 
clear that attacks of angina pectoris vary 
greatly in intensity and frequency not only in 
different individuals but in the same individual 
from time to time. Periods of marked improve- 
ment to complete remission for a few days 
extending to several weeks have been ob- 
served.!® Any drug administered at that time. 
active or inert, would get credit for the im- 
provement. 

In addition to its pharmaceutic action, every 
drug has a placebo effect that is derived from 
the urgent need of patients for relief and from 
the communication of the physician’s enthusi- 
asm (positive suggestion that the drug will 
help). Thus the total drug effect is equal to 
its active effect plus its placebo effect. Placebos 
have been shown by Evans and Hoyle” to 
relieve the pain of angina pectoris satisfactorily 
in 38 per cent of their patients. Beecher" col- 
lected 15 studies involving over 1,000 patients, 
in which placebos were found to have a degree 
of effectiveness measuring between 35.2 plus or 
minus 2.2 per cent. 

Greiner and co-workers" showed the manner 
in which the double-blind test can neutralize 
the power of the influence of suggestion that 
otherwise might confuse the results in a study of 
drug effect on cardiac pain. The importance of 
this technic in bypassing the bias of the physi- 
cian and the suggestibility of the patient in the 
evaluation of an anti-anginal agent is illustrated 
by Gold in discussion of the Egyptian drug, 


khellin :“ ‘“‘When a physician knew which was 
drug and which was placebo, a large number of 
patients appeared to obtain relief of cardiac 
pain. ... When the study was repeated in the 
same group of patients but neither physicians 
or patients were aware of the identity of the 
agents, then the placebo and khellin could no 
be distinguished with respect to the effect or 
cardiac pain.’ Another group of investigator: 
similarly had to re-appraise their experienc 
with khellin and papaverine in angina wher 
they retested these drugs employing the double- 
blind technic.*® 

In addition to the double-blind test, tc 
evaluate properly an anti-anginal agent in a 
symptom-complex as variable as angina pec- 
toris, it must be measured against multiple 
control periods without anti-anginal medica- 
tion during each of its phases. Table I shows 
that to measure the effect of a drug by the re- 
duction of the number of attacks as compared 
with an initial control period alone is not 
sufficient. Comparison of drug and placebo 
must be made during and after the initial period 
of improvement, which may last more than 3 
months, and during periods of physical and 
mental stress and strain. 

Palmer and Ramsay"® in a preliminary study, 
and Fuller and Kassel,!* at a later date, reported 
that Metamine was much more effective than 
placebos in the prevention of anginal pain. In 
neither of these studies were multiple succes- 
sive periods without medication provided as 
controls, nor was the double-blind technic 
employed. Silber and Katz® and Friedberg" 
failed to find Metamine effective in the treat- 
ment of anginal pain. Results in the present 
series agree with those of the last mentioned 
authors and of Friend and co-workers'*, who 
also found Metamine to be ineffective when 
tested with the double-blind technic against 
2 controls. 

Gold’s group‘ traced the use of xanthine 
derivatives back to 1895 and commented that 
the beneficial results in percentages up to 80 
per cent were from reports of clinical expe- 
riences rather than controlled investigations. 
His experience agreed with that of Evans and 
Hoyle,” who found that when xanthines were 
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tested against placebo controls, they did not 
show themselves to be worthy even of trial in 
ine routine treatment of cardiac pain. Waxler 
ond associates"® believed that the difficulty with 
,anthines was that their dosage could not be 
increased enough for a beneficial response with- 
cut marked gastrointestinal disturbance. Cal- 
 hyllin showed no improvement over its identi- 
‘al placebo in this series and did _ not 
substantiate hope that it might be freer of 
-ide effects than its predecessors in the xan- 
ihine series. 

Peritrate was found by Winsor and Hum- 
phreys”® to be effective in preventing anginal 
uttacks; more effective than Metamine, by 
Winsor and Scott;#! but neither multiple suc- 
cessive control periods nor the double-blind 
technic was employed in these studies. Russek 
and associates® believed that Peritrate pro- 
tected selected patients with coronary artery 
disease from electrocardiographic changes pro- 
duced by an exercise test. They did not demon- 
strate, however, that Peritrate decreased the 
frequency of attacks of angina pectoris, a 
completely subjective manifestation. Perlman” 
found Peritrate to be partially effective some 
of the time. Salans, Silber, and Katz,”4 Fried- 
berg,!? and Talley, Beard, and Doherty”> found 
Peritrate ineffective in the treatment of cardiac 
pain. Although, in the doses used in the present 
series, Peritrate reportedly had decreased the 
frequency of anginal attacks in 2 persons when 
they had received Peritrate previously from 
extraneous sources, only 1 of the 2 obtained 
relief in the present series, the other did not. 

Perhaps Peritrate would have been more 
effective in higher dosage than the 80-mg. total 
daily amount used in this series. Weitzman?® 
found that raising the dose from 180 to 240 mg. 
a day gave relief in only 2 of 9 cases, however; 
in 3 cases, doses of 180 mg. caused undesirable 
side effects, enough to necessitate withholding 
the drug. 

In the doses used in this study, none of the 
active drugs tested were distinguishable from 
placebos identical in appearance in ability to 
prevent chest pain, nor did the patients con- 
sistently prefer any drug for its beneficial effects 
or request its use beyond the prescribed period. 


SUMMARY 

To assay anti-anginal agents, continuous 
graphs were constructed from the average daily 
attacks of pains per week of patients with 
angina pectoris during periods, in random suc- 
cession, of active drug, identical placebo, and 
no anti-anginal medication (other than nitro- 
glycerin), utilizing the double-blind technic. 

Multiple control periods without anti-anginal 
medication, spaced in succession along the 
curves of frequency of chest pain, illustrated 
the naturally capricious course of angina 
pectoris. 

Analysis revealed 6 kinds of curves. 

1. Regardless of the random succession of 
active drug, placebo, or no medication. Over 50 
per cent of the curves resembled a ski: an 
initial downward slope of decreased frequency 
of attacks, representing improvement during 
the first 11 weeks on the average, was followed 
by a long plateau that usually remained at this 
lower level of pain frequency. The initial period 
of improvement was attributed to the psycho- 
therapeutic effect of increased attention and 
solicitous care inherent in a research program as 
compared with routine clinic care. After good 
rapport was reached between physician and pa- 
tient, the curves leveled off at a plateau of lower 
frequency of anginal attacks. 

2. Approximately 30 per cent of the curves 
resembled a straight line, unaffected by active 
drug, placebo, or period without medication. 

3. Three of the straight line curves had minor 
fluctuations that were without apparent ex- 
planation. 

4. Two curves showed humps of temporarily 
increased frequency of anginal attacks that 
coincided with and lasted as long as an emo- 
tional upheaval in one instance and an epi- 
sode of abdominal pain in the other. 

5. Three curves showed a steady ascending 
slope of increased frequency of chest pain, that 
followed myocardial infarction in one instance, 
and general deterioration of the patient’s con- 
dition in the others. 

6. In 1 instance there was a dip showing a 
decrease in attacks of chest pain during a period 
of active drug therapy (Peritrate) as compared 
with periods of placebo and no medication. 
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None of the drugs used, Metamine, Calphyl- 
lin or Peritrate, consistently could be dis- 
tinguished from its placebo by doctors or pa- 
tients on the basis of its effectiveness in 
decreasing chest pain. 


Conclusions 


The curve analysis with multiple control 
periods showed that angina pectoris is improved 
by the psychotherapy inherent in a solicitous 
doctor-patient relationship, adversely affected 
by mental and physical stresses and strains, 
and is relatively unaffected by the anti-anginal 
agents as used in this study. 

To evaluate properly an anti-anginal agent 
in a symptom-complex as variable as angina 
pectoris, the agent should be measured against 
multiple successive control periods without 
medication representing all phases of frequency 
of attacks of chest pain. An assay against only 
an initial control period is not sufficient. An 
effective agent should decrease the frequency of 
anginal attacks in all phases except during 
complete remission. 


SUMMARIO IN INTERLINGUA 


Pro essayar agentes anti-anginal, continue 
graphicos esseva construite ex le numeros 
medie de attaccos diurne per septimana occu- 
rrente in patientes con anginade pectore durante 
periodos (de succession variate) de cursos de 
drogas active, de cursos de identic medicationes 
fictitie, e de nulle medication anti-anginal 
(in ultra de nitroglycerina). Le identitate del 
medication administrate esseva incognoscite al 
patiente e al personal. 

Le periodos de controlo, sin medication anti- 
anginal, que esseva inserite a intervallos fre- 
quente in le curvas del frequentias de dolores 
thoracic illustra le naturalmente capriciose 
curso de angina de pectore. 

Le analyse del curvas revelava 6 typos 
differente. 

1. Sin reguardo al modo de succession del 
periodos de droga active, droga fictitie, e nulle 
droga, plus que 50 pro cento del curvas pre- 
sentava le apparentia de un ski. In illos, un 
descendita initial in le frequentia del attaccos— 
reflectente un melioration durante un periodo 
medie de 15 septimanas—esseva sequite per un 


longe plateau de reducite frequentias del do 
lores que se manteneva usualmente a iste 
nivello. Le periodo initial de melioration essev: 
attribuite al effecto psychotherapeutic de} 
augmento de attention e sollicitude inherent 
in un programma de recerca in comparation co1 
le routine normal del clinica. Post que un rela 
tion satisfacente esseva establite inter medicc 
e patiente, le curvas se applattava in un plateau 
de plus basse frequentias del attaccos anginal. 

2. Circa 30 pro cento del curvas esseva lineas 
plus o minus directe, non afficite per droga 
active, droga fictitie, o absentia de medication. 

3. Tres del curvas linear monstrava minot 
fluctuationes pro que nulle apparente explica- 
tion esseva trovate. 

4. Duo curvas exhibiva gibbos de augmento 
temporari del frequentia de attaccos anginal. 
Istos coincideva con un excitation emotional in 
un del casos e con un episodio de dolores ab- 
dominal in le altere. 

5. Tres curvas monstrava un ascendita con- 
tinue, reflectente un augmento del frequentia 
de dolores thoracic post infarcimento myocar- 
dial in un del casos e post un deterioration 
general del condition del patientes in le altere 
duo casos. 

6. In un caso, le curva monstrava un decli- 
vitate reflectente un reduction del frequentia 
del attaccos de dolores thoracic durante un 
periodo a droga active (Peritrato) in compara- 
tion con periodos de medication fictitie e de 
nulle medication del toto. 

Le drogas usate esseva Metamina, Calphyl- 
lina, o Peritrato. Nulle de illos esseva regular- 
mente distinguibile ab le correspondente medi- 
cation fictitie per o le medicos o le patientes 
super le base de su efficacia in reducer le dolores 
thoracic. 
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Guerin, J.: An Empirical Method for Cardiac Resuscitation during the Syncope of Stokes-Adams 


Disease. Arch. mal. coeur 48: 1182 (Dec.), 1955. 


Introduction of a swab of cotton impregnated with alcohol deep into both nasal passages caused 
immediate return of consciousness and acceleration of the ventricular rate in 6 instances of syn- 
cope due to A-V block. Improvement of A-V conduction due to reflex sympathetic stimulation is 


considered responsible. 
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Hemodynamic Alterations in Hemorrhagic Fever 


By Grorce Entwisie, Caprain, M.C., anp Epwarp Hate, Captain, M.C. 


The cardiac output during the shock phase of hemorrhagic fever was very low. Increases in mean 
arterial pressure resulted from therapy with albumin or norepinephrine. With the former, this in- 
crease was associated with an increased cardiac output; with the latter, an increase in peripheral 
resistance. During the hypertensive phase, patients were found to have an increased cardiac output 
if they were also oliguric, and a relatively normal cardiac output if diuresis had begun. Some of the 
hypertensive patients presented the clinical syndrome of the “hyperdynamic state’’; this occurred 
almost exclusively during the oliguric phase and was associated with high cardiac output and 


metabolic acidosis. 


HE patient severely ill with hemorrhagic 

fever progresses through a prolonged course 
of rapidly changing phases of the disease, each 
with its own peculiar clinical state and physio- 
logic problems.! During this course there are 
violent fluctuations in a variety of physiologic 
adjustments.” The initial febrile phase is fairly 
sudden in onset and lasts 4 to 5 days. Wide- 
spread capillary damage becomes evident late 
in the febrile phase and is manifested by leak- 
age of plasma from the blood vessels and by the 
development of some hemoconcentration. In 30 
per cent of the cases, a phase of hypotension or 
shock lasting 24 to 36 hours follows the febrile 
phase and is accompanied by further hemo- 
concentration and continued plasma leakage.* 
When hypotension is no longer a clinical prob- 
lem, anuria or oliguria and their complications 
become prominent and characterize the next 
phase. At this time maintenance of fluid and 
electrolyte balance may be a particular prob- 
lem. Late in the oliguric phase hypertension 
may be marked and complicated by pulmonary 
edema, and some patients show marked sensi- 
tivity to small alterations in fluid balance. 
Diuresis usually begins on the eleventh to 
thirteenth day of the disease, is marked for 2 or 
3 days, and gradually the urine volume falls as 
the patient enters convalescence. Early in the 
diuretic phase electrolyte imbalance may again 
occur and at times is difficult to manage. Nor- 
mal renal function returns completely within 
45 days in most cases.! 





From the 48th Surgical Hospital (Mobile Army) 
APO 301. 

This work was done under the auspices of the 
Hemorrhagic Fever Commission, Walter Reed Army 
Medical Center. 


The mortality of epidemics from 1951 io 
1954 averaged about 5 per cent, and most 
deaths occurred in the shock or oliguric-hyper- 
tensive phases of the illness. Much work to 
clarify the physiologic problems of the different 
phases is available in the recent literature.‘ 

Extensive physiologic studies were carried 
out on patients ill with hemorrhagic fever at the 
48th Surgical Hospital, in the fall of 1953. As 
part of this over-all investigation, a hemody- 
namic study was performed, and is the subject 
of the present report. The previous year a pre- 
liminary study of similar nature was performed, 
and this was reported recently by Cugell,® who 
found that the cardiac index was increased 
during the febrile and hypertensive phases, and 
low normal or decreased during the period of 
hemoconcentration. 


METHODS 


All observations were made on_ hospitalized 
United Nations personnel. Forty-three patients were 
studied. Nine were control subjects, and consisted of 
hospitalized soldiers who had recovered from mild 
medical illnesses, such as infectious mononucleosis 
or upper respiratory infections. The other 34 pa- 
tients had hemorrhagic fever. All studies were done 
with the patients in the recumbent position and in 
the overnight fasting state, except for patients in 
shock who were studied at the onset of their shock 
phase. The measurements were begun within 30 
minutes after the diagnosis of shock had been made 
and the ward physician had decided to start therapy. 
This therapy was postponed in patients being 
studied until initial data had been gathered. Since a!l 
patients in this phase had marked anorexia and some 
degree of vomiting, they were also for the most part 
in the fasting state. 

Arterial pressure was measured directly throug!) 
an inlying Cournand needle, placed usually in the 
femoral artery. Mean arterial pressure was recorde« 
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through an electromanometer connected with a 
direet-writing electrocardiograph. Venous pressure 
was measured through a thin-walled 18-gage needle 
connected to a saline manometer. The “zero’’ level 
in all patients was taken to be 10 cm. above the 
dorsal spine with the patient in the supine position. 
Oecasional use was made of an antecubital vein. 

Cardiac output was measured by the indicator- 
dilition technic with Evans blue dye.® Accurately 
cal. brated syringes were used to inject a fixed amount 
of dye (varying from 2.4 to 2.7 ml. of T-1824, 26 mg. 
per ml.). The dye was injected through the indwell- 
ing 18-gage venous needle and serial samples of blood 
were taken at 2- to 4-second intervals from the intra- 
arterial needle. A minute amount of liquid heparin 
was placed in each of the collecting test tubes. 

The serial samples were continued for a total of 1 
to 3 minutes. Thereafter 6 blood samples were taken 
at 5-minute intervals to determine plasma volume.’ 
Plasma concentration of T-1824 was measured with 
a Coleman junior spectrophotometer. Dye-tinged 
plasma standards were calibrated individually for 
each study during the first part of this investigation. 
When it became obvious that the optical density of 
the plasma dye standard was remaining constant, 
the same standard optical density was used for all 
patients subsequently studied, with periodic checks 
to assure that the base standard was maintained. 

The total blood volumes (TBV) were calculated 
from the equation: 


Plasma volume 


[BR = 
100 — (Het X 0.96) 


x 100. 


| 
| Cardiac 


Day of | . index 
disease | Hematocrit| (L./M.2/ 
| min.) 


Stage of disease 


Peripheral* 
& no. pts. 


resistance 
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| 3.48 
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Hypertensive oli- | 36.3 4.69 
guric +3.94 | +1.02 | 
13 
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33.9 
+11.47 
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29.4 
+8.41 


41.5 
+6.49 


2.71 
+0.97 


29.6 
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* Expressed in units (mean arterial pressure — venous pressure). 
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Red cell mass was derived from the difference be- 
tween TBV and plasma volume. 

Sixty-one studies were done in 43 patients (1 study 
each in 9 normal and 52 studies in 34 patients with 
hemorrhagic fever). Serial determinations were 
done in 13 patients. Duplicate cardiac output 
determinations were done in 20 instances with 
cardiac indices varying from 1.49 to 5.54 L./M.2/ 
min. The average per cent difference between 
duplicate determinations for the whole series was 8.1 
per cent. There was no detectable reduction in re- 
producibility of the method when applied to low 
cardiac outputs. 

Nine patients with shock were separated into 2 
groups of 5 patients each (1 patient, studied twice, 
appeared in both groups), and after an initial cardiac 
output and plasma volume determination, one group 
received albumin as therapy and the other group 
received norepinephrine. Two units of albumin (50 
Gm. of salt-poor human serum albumin in 200 ml.) 
were injected into the femoral vein. This procedure 
took 12 to 25 minutes. At least half an hour was 
allowed to pass after completion of the albumin 
infusion before the cardiac output determinations 
were repeated. In the group receiving norepineph- 
rine, initial dosage was 10 to 15 y per minute in 
most cases, infused through an intravenous poly- 
ethylene catheter. After 30 minutes when the blood 
pressure had stabilized and while the infusion was 
still running, the cardiac output determination was 
repeated. Repeat plasma volume determinations 
using the second injection of Evans blue dye were 
not performed. Alterations in the plasma volume 


| | 
| Mean 
Pulse | arterial 
rate pressure 
(mm. Hg) 


Venous 
pressure 
(cm. water) 


Blood Red cell 
volume 


mass 
(ml./Kg.) (ml./Kg.) 


Plasma 
volume 
(ml./Kg.) 





12.0 75 | 75.6 
+0.71 | +12} +5.22 
11.4 | 99] 71.6 
+2.50| +19 | +8.01 
10.8 | 110| 64.2 
+2.79 | +23 | +5.79 

82.7 


10.8 96 
+6.21 | +34 | +7.52 
108.0 


14.3 | 91 | 
+4.66 | £19 | +12.66 


41.3 
+761 | 
40.8 | 
+4.03 | 
28.9 | 
+6.07 | 
45.8 | 

+11.75 | 
47.5 
+8.40 | 


+3.21 
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31.8 
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23.9 
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7+ Mean values and standard deviation. 





HEMODYNAMIC ALTERATIONS IN HEMORRHAGIC FEVER 


NORMAL SHOCK POST- —-HYPERTEN.  NORNOTEN. 
FEBRILE FEBRILE ig pup, DUR. 


9 5 3 7 5 
Fic. 1. Cardiac index in serial stages of hemor- 


rhagic fever. Ordinate, cardiac index (L./min./M.2), 
abscissa, number of patients. 


were derived from the hematocrit change, with the 
assumption that the red cell mass had not changed. 


RESULTS 


In table 1 the patients are grouped according 
to the usual phases of the disease (febrile, 
shock, oliguric, diuretic, and convalescent). A 
group of postfebrile patients was added to 
obtain data on patients who had recovered 
from shock, but had not yet developed hyper- 
tension. Furthermore, the hypertensive pa- 
tients were divided into 2 groups, depending on 
the presence or absence of diuresis. This di- 
vision was carried out to investigate the possible 
relationship between diuresis (or its absence) 
and the hemodynamic alterations of the hyper- 
tensive phase. Serial observations were done in 
a number of patients studied in more than 1 
phase of the disease and the data on these 
patients are presented in table 2. 

Febrile Phase. Results are summarized in 
table 1 for the 5 patients in the febrile phase of 
hemorrhagic fever. Their average hematocrit 
value is higher than that of the control patients. 
This difference is due mainly to the high value 
observed in 1 febrile patient who was studied on 
the sixth day of his disease. This patient had 
marked hemoconcentration (hematocrit 64 per 
cent) although his blood pressure was normal 
at the time of the study. He developed hypo- 
tension a few hours later. The average cardiac 
index for the 5 febrile patients is the same as 


that for the control patients (table 1, fig. 1), 
despite an average oral temperature of 102 |’, 
for the febrile patients. 

If the data from the 5 febrile patients are 
arranged in order of day of disease when the 
patient was studied, there appears to be a 
progressive fall in cardiac output during the 
febrile phase. 


Day of Oral Temperature Cardiac Index 


Disease (F.) L./M.2/min. 
2 104.2 
104.0 
102.0 
100.4 


This fall may be related to the subsidence of 
fever. Unfortunately, no patients were studied 
serially during the febrile phase. There is a 
relative bradycardia throughout the febrile 
phase, associated early in the fever with a high 
cardiac output that progressively falls to nor- 
mal. The peripheral resistance is low. Except 
for the 1 patient with hemoconcentration, the 
plasma volume, blood volume, and red cell 
mass are comparable to those found in normal 
patients. 

Shock Phase. Thirteen patients were studied 
in the shock phase. These patients had tem- 
peratures ranging from 99.6 to 105 I’. orally, 
but in 8 of these patients the temperature was 
below 102 IF’. During the shock phase there is a 
noticeable increase in the venous hematocrit 
and a corresponding reduction in the plasma 
volume (table 1). The red cell mass, however, 
is unchanged. The most striking change was 
the significant reduction in cardiac output 
(p < .01) that was associated with a significant 
increase in peripheral resistance (p <_ .01) 
(tables 1 and 2, fig. 1). Although there were 
some patients with a normal peripheral re- 
sistance in the face of reduced cardiac output, 
the mean peripheral resistance of this group of 
patients was significantly elevated compared to 
normal patients (p < .01) (table 2, fig. 2). 

Patients with hemorrhagic fever who go int» 
shock can be roughly divided into 3 clinica! 
categories on the basis of hematocrit, pulse 
rate, and peripheral skin temperature. The 
majority of patients show warm dry skin, only 
slight increase in pulse rate and hematocrit, anc 
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TABLE 2.—Serial Observations in Patients with Hemorrhagic Fever 





Shock Postfebrile 


| PL Vol.§ 


Hypertensive 


Oliguric Diuretic 


Ci. | pieve:-| cor | PLivon, | 





| 20.2 

| 33.9 

| 30.5 
27.6 
17.8 
24.9 
31.0 | 
34.7 | 
33.6 | 
34.3 


| 
| 


Gel | | | 





56.5 | 48.9 
6.37 | 48.3 
4.12 | 54.6 

37.9 

36.6 

33.5 


5.80 | 57. 


. | 50.0 
2.85 | 47.5 | | 53.8 
5.25 | 48.9 | 6.10 | 53.6 


* After norepinephrine infusion. Preinfusion data inadequate. + Studies after 24 hours of treatment 
for shock (normotensive at time of study). t Cardiac index (L./M?2/min.). § Plasma volume (ml./Kg.). 


they are usually given norepinephrine intra- 
venously and may be successfully carried 
through the shock phase with this treatment 
alone. Other patients present marked hemo- 
concentration, tachycardia, and cool, often 
moist skin; they are treated initially with 1 to 
2 units of albumin. No other treatment may be 
needed. The interpretation is that, in the latter 
group, reduction in blood (plasma) volume 
contributes more to production of shock than 
in the former group, where _ insufficient 
peripheral vasoconstriction predominates. The 
third group is comprised of patients who 
initially do not obviously fall into the 2 cate- 
gories just described. The third group is treated 
initially with norepinephrine, but albumin is 
frequently also needed.* Also included in this 
third group are the patients who initially re- 
quire either albumin or norepinephrine on the 
basis of the clinical criteria, but who subse- 
quently require the other agent for control of 
hlood pressure. The last patients described are 
seriously ill patients with severe shock. Figure 2 
depicts the course of such a patient. 

These arbitrary rules for deciding initial 
reatment were followed to some extent in the 
treatment of patients shown in table 3. In 
order to obtain additional information about 


the effects of these agents, however, 1 patient 
with a low hematocrit “Tho” was purposely 
given albumin initially, and 1 patient with a 
high hematocrit “Joh” was given norepi- 
nephrine initially. Patient “Ham,” though 
presenting with the same hematocrit level as 
“Joh,” did, however, have warm dry skin and 
no increase in pulse rate at the time of shock 
and was started on norepinephrine. The com- 
plete course of this patient during shock is 
represented in figure 2. In addition, 1 patient, 
“Til,” was studied before and after treatment 
with both albumin and norepinephrine, and this 
patient appears twice in table 3. 

Mean arterial pressures were essentially the 
same for the 2 groups, but the average hema- 
tocrit was somewhat higher in the group receiv- 
ing albumin. The increase in mean arterial 
pressure that occurred in the patients receiving 
albumin was mainly due to an increase in 
cardiac output in each patient; the peripheral 
resistance actually fell in 4 of the 5 patients. 
There was slowing of the pulse and a fall in 
hematocrit. The increase in mean arterial pres- 
sure following therapy with norepinephrine 
appears to be wholly due to a significant in- 
crease in peripheral resistance (p = 0.02). The 
cardiac output and hematocrit level remained 
unchanged. 
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beats/min. 
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100 
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mm.Hg 


HEMATOCRIT 
HANDS & FEET 


DAY OF ILLNESS 5 





CARDIAG 
INDEX 
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Fic. 2. Shock in hemorrhagic fever. This 21-year-old soldier was admitted on the fifth day of 
eae fever and later succumbed to his disease. Soon after admission he developed shock and 
was given norepinephrine; only slight hemoconcentration was present at this time. Note the altera- 
tions in skin temperature associated with a rising hematocrit and the response to intravenous albu- 
min, Albumin was first given after hypotension and tachycardia occurred; the marked hypotension 
on the previous day was not attended by a rise in pulse rate. At each “‘arrow’’ 2 units of human serum 
albumin were given. The hemodynamic data represent values before and after the norepinephrine 
was started. LW—lukewarm; PR—peripheral resistance in units. 


Postfebrile (Oliguric-normotensive) Phase. 
Three patients were studied at the end of the 
febrile phase following recovery from hypo- 
tension or shock. Though oliguric, their average 
hemodynamic findings are similar to those 
noted in the control group. Hypertension de- 
veloped in each of these patients 1 to 5 days 
after they were studied. 

Hypertensive Phase. A total of 20 studies was 
made on the hypertensive patients, 13 of whom 


were oliguric at the time of study. As a group, 
the hypertensive patients showed a slight re- 
duction of hematocrit (table 1). The cardiac 
index of the hypertensive oliguric patients was 
significantly elevated compared to the mean 
for the control patients (p < 0.01) and was 
also higher than the mean cardiac index of the 
hypertensive diuretic patients (p < 0.05). 
Venous pressure was elevated in the hyper- 
tensive oliguric group, but normal in the group 
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TABLE 3.—Shock in Hemorrhagic Fever. Immediate Response to Early Therapy 











Mean Blood ee 
g 


Patient Treatment 


Before* After* 
treat. | treat. 


Ulv Albumin 63 72 
Rom Albumin 62 | 76 
And Albumin 75 90 
Tho Albumin 65 | 84 
Til | Albumin 58 70 
Til | Norepinephrine | 70 | 94 
Joh | Norepinephrine | 70 | 99 
Ger | Norepinephrine | 66 | 73 
Ham | Norepinephrine 52 | % 
Bas | Norepinephrine 62 88 








Hematocrit 


Before 
treat. 


63 
63 
58 
53 
56 
51 
56 
51 
56 
51 


Cardiac index 


(L./M.2/min.) Peripheral resistancef 


After Before | After 


| treat. | treat. | 


58 | 0.96 | 1.37 
57 | 1.14 | 1.98 

| 2.87 | 2.54 
48 | 1.86 | 2.32 
51 | 1.40 2.24 
51 | 2.24 2.06 
57 | «1.40 1.68 
53 2.27 1.96 
59 |) (2.17 2.24 


| 52 | 1.96 1.99 





Before After 
treat. | treat. 





* Data obtained just prior to and following therapy with either albumin or norepinephrine. 
+ Expressed in units (mean arterial pressure — venous pressure). 





cardiac index 


whose diuresis had begun. The lack of a signifi- 
cant difference between the venous pressures of 
these 2 groups is probably due to the presence 
in the latter group of the only hypertensive 
patient who developed the ‘hyperdynamic 
syndrome” during the diuretic phase and whose 
venous pressure was 20 cm. of saline. The 
peripheral resistance of patients in diuresis was 
significantly elevated compared either to the 
normal subjects (p < 0.01) or the hyperten- 
sive-oligurie patients (p < 0.02). 

Figure 3 relates the cardiac index during the 
hypertensive phase to the amount of albumin 
given during the prior shock phase. Four pa- 
tients developed hypertension without having 
had shock. Their cardiac outputs were within 
the normal range. Six hypertensive patients 
had received 2 units of albumin during the 
shock phase, and they also showed no change in 
average cardiac output from normal. In those 
patients receiving over 2 units of albumin 
during shock, there was a definite increase in 
cardiac index during the hypertensive phase. 
wo of these patients with high cardiac output 
had pulmonary edema at the time of study. 
‘One other patient also had pulmonary edema 
although he had received only 2 units of 
ilbumin for shock and had a normal cardiac 
output during the hypertensive phase.) 

Figure 4 shows the variations of plasma and 
dlood volume during the hypertensive phase 
vecording to the amount of albumin given 


NO ae ue 
NORMAL ALB. 3-4 -9 


salt 


9 4 6 4 4 


NO. OF PATIENTS 

Fic. 3. Cardiac index (ordinate, L./min./M.?) in 
hypertensive stage as affected by therapeutic albumin 
given for prior shock phase. The cardiac indices in 
these hypertensive patients are divided according 
to the number of units of albumin given during the 
prior shock phase. The group labeled ‘‘no albumin’’ 
is from hypertensive patients who did not develop 
shock. One patient who had received 2 units of albu- 
min for prior shock and 2 patients who received 3 to 4 
units had pulmonary edema at the time of study; 
their cardiac indices are indicated by the ‘‘x’’ on the 
graph. 


during the prior shock phase. This table sug- 
gests a progressive increase in mean blood and 
plasma volumes during the hypertensive phase 
correlated with the quantity of albumin given 
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NO 7-—ALBUMIN—~ 
NORMAL ALB. 2 3-4 6-9 


ud 


9 oS 
NO. OF PATIENTS 

Fic. 4. Blood (shaded bars) and plasma (empty 
bars) volumes in hypertensive stage as affected by 
therapeutic albumin given for prior shock phase. The 
plasma and blood volumes in these hypertensive 
patients are divided according to the number of units 
of albumin given during the prior shock phase. The 
group labeled ‘‘no albumin” is from hypertensive 
patients who did not develop shock. One patient who 
had received 2 units of albumin for prior shock and 
2 patients who received 3 to 4 units had pulmonary 
edema at the time of study. 


during the shock phase. All values for blood and 
plasma volumes in this figure are within the 
range found in normal patients, however. 
Phlebotomy (400 to 500 ml.) was performed 
in 3 hypertensive patients on whom hemo- 
dynamic studies were done. The series was 
small because of reluctance to perform phle- 
botomy on patients with anemia (low hema- 
tocrit), and without specific indications for 
phlebotomy.? Two phlebotomy patients were in 
pulmonary edema and had normal blood 
volumes and high cardiac indices. The venous 
pressure of each of these patients was elevated. 
They responded well to phlebotomy with fall in 
venous pressure, decrease in intensity of the 
second pulmonic sound, and disappearance of 
gallop rhythm and abnormal breath sounds. 
The postphlebotomy cardiac index was re- 
duced 16 per cent in one, but only 7 per cent 
in the other patient. Phlebotomy has been 
recommended for treatment of patients who 


have convulsions during the hypertensive 
phase,’ and the effects of phlebotomy were 
determined in another hypertensive patient, 
not in pulmonary edema. His cardiac index was 
normal and blood volume low. No clinical 
change was noted following phlebotomy, and 
the cardiac index was reduced only 7 per cent. 
These changes are similar to those previously 
reported.® 

Normotensive Diuretic Phase. Vive patients i 
this stage were studied. Two patients could be 
considered convalescent though still having 
polyuria from impaired renal function; other- 
wise they felt subjectively well and their hemo- 
dynamic findings were normal. The 3 remaining 
patients in this group were still on bed rest and 
were weak and malnourished; 2 had low cardiac 
indices (2.04 and 1.55 L./M.?/min.) and their 
blood pressures were normal. Anemia, com- 
monly seen at this phase,' was present in some, 
but the average red cell mass was normal. 
Plasma and blood volumes were normal. In- 
creased peripheral resistance persisted into this 
stage in some patients. 


Discussion 

Febrile Phase. The febrile phase of hemor- 
rhagic fever lasts from 4 to 6 days and late in 
this phase there is usually a progressive in- 
crease in the venous hematocrit. This increase 
is believed to be due to leakage of plasma from 
the intravascular compartment.? Only 1 of the 
patients studied during this phase showed 
hemoconcentration. The majority of patients 
with marked hemoconcentration develop mani- 
festations of shock during defervescence. 

Shock Phase. The most consistent and im- 
pressive finding in all patients with shock is 
reduced cardiac output. The cause of this re- 
duced output is probably multiple.?: * Reduced 
circulating blood volume owing to extravascu- 
lar plasma leakage and pooling in capillaries is 
a most likely major cause. Inadequate vaso- 
constriction in the face of hypotension and the 
myocardial damage often seen at postmortem 
examination are considered to be the other 
chief causes of shock in hemorrhagic fever. Al- 
though adrenal medullary hemorrhage and 
cortical damage can occur, adrenal insufficiency 
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loes not seem to be a contributing cause of 
hock in most instances of this disease.’ 

Late in shock, whether it is untreated or 
‘reated with albumin, norepinephrine, or both, 
most all patients demonstrate cool, if not 
noist skin, and cannot be divided clinically or 
lemodynamically into the 2 groups mentioned 
varlier. Two patients were studied 24 and 42 
jours after the onset of shock. Both patients 
lad been treated with albumin and were rela- 
iively normotensive (although still on shock 
blocks) at the time of study. In both cases the 
peripheral resistance was significantly elevated. 

Many of these patients develop hypotension 
or shock with warm dry extremities, and the 
clinical impression of “insufficient peripheral 
vasoconstriction” is supported by the findings 
of normal or only slightly elevated calculated 
peripheral resistance in patients with low blood 
pressure and reduced cardiac output (table 3). 

The choice of initial treatment in shock on 
the basis of clinical criteria of pulse rate, hema- 
tocrit, and skin temperature seems justified by 
the hemodynamic data gathered in this study. 
In addition, for patients studied early in shock, 
those with the highest hematocrit levels had 
the lowest cardiac indices (r = —0.70), and the 
highest calculated peripheral resistances (r = 
+0.73). The course of a patient in shock, 
‘Ham,’ where indications for treatment 
changed from an initial choice of norepi- 
nephrine to a later choice of albumin is shown in 
figure 2. 

The charts of patients who developed shock 
during the fall epidemic of hemorrhagic fever 
(1953) were reviewed to see if the immediate 
response to therapy could be correlated with 
pulse rate or hematocrit at the time of therapy. 
Approximately 35 charts were reviewed. The 
immediate response to albumin was equally 
vood in patients with tachycardia or relative 
bradyeardia. In general, the response to al- 
‘umin therapy was much better in those pa- 
tients with the highest hematocrit values. A 
rise in mean arterial pressure was obtained from 
mall doses of norepinephrine in practically all 
ases, irrespective of pulse rate or hematocrit 
although no cases were started on norepi- 
\ephrine with a hematocrit of 60 or more). 

Hemoconcentration in shock of other in- 


fections has been noted, but mostly this is mild 
and does not reach the severe degree seen in 
patients with hemorrhagic fever. The hemocon- 
centration and reduced blood volume together 
are probably the cause of the precarious clinical 
state of these patients. Shock in patients with 
severe burns is similar, in that hemoconcentra- 
tion and low plasma volume occur. A few pa- 
tients with “burn shock” have had cardiac 
output studies.’ These patients show consist- 
ently low cardiac output and usually a very 
high peripheral resistance. 

Cardiac output determinations were re- 
cently reported for 5 patients in shock due to 
bacterial infection. These patients showed 
normal or slightly reduced cardiac outputs and 
low peripheral resistance. The response to nor- 
epinephrine and albumin in these patients was 
reported to be similar to the response seen in 
hemorrhagic fever. Norepinephrine caused a 
rise in total peripheral resistance in all 4 pa- 
tients, and a slight reduction in cardiac output 
occurred in 3 patients. One patient was given a 
small amount of albumin intravenously, and 
this was followed by an increase in cardiac 
output. 

The effect of changes in viscosity on hemo- 
dynamics in dogs with and without reduction in 
blood volume has been studied extensively by 
Seligman, Frank, and Fine.!° With blood 
volume remaining constant, slight increases in 
hematocrit are associated with a fall in periph- 
eral resistance and with a rise in relative 
viscosity; the mean arterial pressure and 
cardiac output remain normal. Further in- 
creases in hematocrit and apparent relative 
viscosity are associated with a rise in peripheral 
resistance, a fall in cardiac output, with the 
mean arterial pressure remaining unchanged. 
When hemoconcentration is produced in dogs 
with reduced blood volume, they become quite 
sensitive to further reduction in blood volume. 
Cardiac output reaches a critically low limit at 
higher mean pressures than would be the case 
were the blood viscosity not elevated. This 
level of blood pressure may produce a decep- 
tively favorable impression of the state of the 
circulation. Indeed, such dogs may have ir- 
reversible shock at relatively high blood pres- 
sures, 80 mm. Hg and higher.!° 
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Hypertensive Phase. Hypertension occurs in 
approximately one fourth of patients with 
hemorrhagic fever and may be quite labile. It 
usually lasts about 5 days and may be severe 
and associated with convulsions and pulmo- 
nary edema.’ Only 15 of the 20 patients studied 
had mean arterial pressures over 100 mm. Hg, 
although all were in the hypertensive phase by 
sphygnomanometric readings at the time. Of 
the 15 patients with mean arterial pressures 
over 100 mm. Hg, 8 had elevated cardiac 
indices with normal peripheral resistance, 2 had 
elevated peripheral resistance with normal 
‘ardiac indices, and 5 showed both elevated 
cardiac indices and elevated peripheral re- 
sistance. When divided into 2 groups on the 
presence or absence of diuresis, significant 
differences are noted with higher cardiac index, 
venous pressure, and pulse rate in the oliguric 
patients, although there is no significant differ- 


ence in mean arterial pressures between the 2 
groups (p = 0.2). 

During the hypertensive phase, some of the 
patients present the clinical syndrome of full 
veins, bounding pulse, unusual finger and toe 
pulses, exaggerated apical thrust, wide pulse 
pressure, and hypertension. This has been 
termed “relative hypervolemia” by Earle? 
Perhaps a more descriptive term is “hyper- 
dynamic state.” Seven of the patients studied 
during the hypertensive phase presented these 
findings. Six were oliguric or anuric and 1 was 
in the second day of the diuretic phase. Gener- 
ally, the cardiac index was high, peripheral 
resistance and hematocrit low. These findings 
are correlated with high foot and toe peripheral 
blood flow determinations done in 4 of these 
patients. The course of a patient “Ham” 
demonstrating these findings is shown in 
figure 5. 
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Fic. 5. Hemorrhagic fever, fatal case. This figure represents the complete hospital course of the 
patient whose shock phase is shown in figure 2. In addition to norepinephrine 4 units of albumin were 
given. On the eighth hospital day pulmonary edema developed with a high cardiac output and an 
elevated venous pressure. Following phlebotomy (500 ml.) the venous pressure fell to normal and 
signs of pulmonary edema cleared. The cardiac index after phlebotomy was 5.3 L./M.2/min. He re- 
mained febrile throughout the hospital course and died on the tenth day, again in shock, unresponsive 
to norepinephrine, transfusion, cortisone, and aqueous adrenal extract. Autopsy revealed broncho- 
pneumonia, minimal pulmonary congestion, and the usual pathologic changes noted at this stage of 


the disease.* 











The blood volume of these hyperdynamic 
vatients was over 72 ml./Kg. with 1 exception. 
[he blood volume in the hypertensive nonhyper- 
lynamic patients was below 72 ml./Kg. with 2 
-xceptions. From these findings there appears 
‘0 be a close correspondence between the clin- 
cal picture of the hyperdynamic state and 
‘calculated blood volume. However, as noted in 
able 1, the average and standard deviation of 
slood volumes in both hypertensive groups are 
ihe same as in the normal group and because 
f these essential findings the condition was 
specifically labeled as “relative hypervolemia”’ 
by Karle.? 

Accurate calculations of ‘“‘central hyper- 
volemia”’ were not obtained. In the absence of 
these determinations, other indirect evidence 
on the subject has been gathered. There is a 
positive relationship between the amount of 
albumin given in the treatment of shock and 
the cardiac index of the hypertensive phase 
(fig. 3). This is also true of the blood and 
plasma volumes after albumin (fig. 4). The pos- 
sibility that this relationship is due to over-all 
severity of the disease has, however, not been 
completely ruled out. 

Pulmonary edema occurred in 3 of 10 pa- 
tients who had received 2 to 4 units of albumin, 
whereas it did not oceur in 4 patients who did 
not receive albumin nor in 4 patients who re- 
ceived 6 to 9 units of albumin. This observation 
suggests that albumin therapy may lead to 
pulmonary edema, but perhaps only in the 
presence of other factors not illuminated by 
this study. 

Since the hyperdynamic state occurs during 
the stage of renal insufficiency of hemorrhagic 
fever, it is logical to consider what part, if any, 
the manifestations of renal insufficiency may 
play in producing this condition. As already 
mentioned, high cardiac outputs are usually 
noted in the patients before diuresis has begun. 
\Ithough many of these hypertensive patients 
were mildly anemic (low hemoglobin in this 


sroup was 9.3 Gm.), anemia was not considered 


‘o be a factor in the increases in cardiac out- 
put.3 Analysis of chemical changes in the blood 
evealed no consistent relation between the 
evel of blood urea nitrogen and cardiac output, 
ilthough high cardiac outputs were noted more 
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frequently when the blood urea nitrogen was 
rising or at its peak. However, consistent differ- 
ences could not be demonstrated between the 
average blood urea nitrogen for the group of 
patients with high cardiac outputs and the 
group with low cardiac outputs. The potassium 
levels were normal in all these patients and the 
sodium and chloride levels were normal to low 
in both groups, and changes in electrolytes 
bore no relation to changes in cardiac output. 

On the positive side, there was a relation be- 
tween acidosis and cardiac output. High 
cardiac outputs were most commonly seen with 
mild (carbon dioxide content of 15 to 20 mEq. 
per L.) to moderate acidosis (carbon dioxide 
content of 10 to 12 mEq. per L.) On the other 
hand, normal cardiac outputs were seen in the 
absence of, or with only mild, acidosis. Al- 
though the argument for relative hypervolemia 
is fairly cogent,’ it is suggested that oliguria and 
acidosis, particularly in combination, may play 
a significant role in the production of the 
hyperdynamic state. This conclusion is sup- 
ported by experimental evidence in dogs that 
metabolic acidosis was associated with in- 
creased cardiac output.!” 

Pulmonary edema is an uncommon but fre- 
quently fatal complication of hemorrhagic 
fever. It has been suggested that internal 
shifts of fluid, perhaps the result of re-absorp- 
tion of the retroperitoneal edema fluid, may 
overload the vascular compartment.* As a 
group, patients who developed pulmonary 
edema during the epidemic of 1952 did not 
show enlargement of heart by x-ray, elevated 
venous pressure, or response to the usual 
therapy for acute left ventricular failure.* This 
group of patients was not divided according to 
the presence or absence of hypertension at the 
time of this complication. 

During the epidemic of 1953, it was noted 
that patients who developed pulmonary edema 
with normal or low blood pressure had a high 
mortality and uniformly showed hemorrhagic 
pulmonary edema at autopsy. The 2 patients 
with this complication studied in this report, 
however, developed signs and symptoms of 
pulmonary edema with hypertension and re- 
sponded to phlebotomy, with clearing of their 
symptoms and fall in elevated venous pressure. 
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X-ray films of the chest were not taken to 
determine heart size. It appears then that some 
patients with hemorrhagic fever in pulmonary 
edema will respond with complete clearing of 
this complication by phlebotomy. Observations 
of other patients with pulmonary edema during 
1953, who were not included in this hemo- 
dynamic study, suggest that some improvement 
to complete clearing of pulmonary edema occurs 
in patients who are hypertensive while in 
pulmonary edema, but pulmonary edema in 
patients with normal blood pressure or hypo- 
tension is almost uniformly fatal. 

Normotensive Diuretic Phase. The low cardiac 
indices occasionally seen in this phase (2 of 5 
studies) may well account for the occasional 
patient who has late shock?:* and may con- 
tribute to the precarious fluid balance noted in 
some patients at this time. In the 2 cases ob- 
served, the peripheral resistance was high and 
the blood pressure was normal. Lyons" has re- 
ported that the peripheral blood flow at this 
stage (15 to 20 days) was low normal. The 
cause of the low cardiac output is likely de- 
hydration, sodium depletion, or reduced venous 
return resulting from poor skeletal muscle and 
venous tone. One patient was studied who had 
been moderately ill with scrub typhus and in 
bed for 12 days. His hemodynamic findings were 
very similar to those of the normotensive 
patients in the diuretic phase of hemorrhagic 
fever. It seems probable that these same find- 
ings are present in the early recovery phase of 
other infectious illnesses. 


SUMMARY 


A hemodynamic study was done on 34 pa- 
tients during the various stages of hemorrhagic 
fever. In the initial febrile phase some increase 
in cardiac output was noted, especially in pa- 
tients with high fever. During the subsequent 
shock or hypotensive phase, striking reductions 
in cardiac output were associated in most pa- 
tients with warm, dry extremities and mild 
hemoconcentration. A minority of patients pre- 
sented low cardiac outputs associated with a 
high peripheral resistance and moderate to 
marked hemoconcentration. The latter group 
responded well to treatment with intravenous 
human serum albumin and showed a rise in 


cardiac output. The former group was treated 
with norepinephrine and the resulting rise in 
mean arterial pressure was due to increased 
peripheral resistance. 

Twenty studies were performed during the 
hypertensive phase of hemorrhagic fever. Pa- 
tients were divided into 2 groups according 
to the presence or absence of diuresis. When a 
hypertensive patient was also oliguric, high 
cardiac output was frequently found that was 
associated with a normal or slightly elevated 
peripheral resistance. Hypertensive patients 
who had begun a diuresis had normal cardiac 
outputs and significantly elevated peripheral 
resistance. 

Some of the patients during the hypertensive 
phase presented the clinical syndrome of 
“relative-hypervolemia” described by Earle. 
As a group, these patients were oliguric, had 
high cardiac outputs with normal to low periph- 
eral resistance, and had higher blood volumes 
than the hypertensive patients not presenting 
this syndrome. Metabolic acidosis was common 
in this group. 

Pulmonary edema, an infrequent but usually 
fatal complication of hemorrhagic fever, re- 
sponded to therapy if the patient was also 
hypertensive at the time of pulmonary edema, 
but this complication was uniformly fatal in 
normotensive or hypotensive patients. 


SUMMARIO IN INTERLINGUA 


Esseva executate un studio hemodynamic in 
34 patientes durante le varie stadios de febre 
hemorrhagic. Durante le prime phase febril, un 
certe grado de augmento del rendimento cardiac 
esseva notate, specialmente in patientes con alte 
nivellos de febrilitate. Durante le subsequente 
phase de choc (0 phase hypotensive), frappante 
reductiones del rendimento cardiac esseva 
associate in le majoritate del patientes con 
calide extremitates sic e leve grados de hemo- 
concentration. Un minoritate del patientes 
presentava basse rendimentos cardiac, associate 
con alte resistentia peripheric e grados 
moderate usque a marcate de hemoconcen- 
tration. Iste secunde gruppo respondeva ben 
al tractamento con injectiones intravenose de 
human albumina seral e manifestava un aug- 
mento del rendimento cardiac. Le prime del 
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duo gruppos esseva_ tractate con _ nor- 
‘pinephrina, e le resultante augmento del 
pression arterial medie esseva le effecto de 
clevationes del resistentia peripheric. 

Vinti studios esseva executate durante le 
hase hypertensive del febre hemorrhagic. Le 
iatientes esseva dividite in 2 gruppos secundo 
jue illes habeva o non habeva diurese. Quando 
in patiente hypertensive esseva etiam oliguric, 
in constatation frequente esseva un alte 
endimento cardiac associate con normal o 
jevemente augmentate resistentia peripheric. 
Patientes hypertensive qui habeva comenciate 
ior diurese monstrava normal rendimentos 
cardiac e elevationes significative del resistentia 
peripheric. 

Durante le phase hypertensive, certe 
patientes presentava le syndrome clinic de 
“hypervolemia relative” describite per Earle. 
iste gruppo de patientes esseva oliguric, habeva 
alte rendimentos cardiac con normal o basse 
resistentia peripheric, e monstrava plus alte 
volumines de sanguine que le patientes hyper- 
tensive qui non presentava iste syndrome. 
Acidosis metabolic esseva commun in_ iste 
gruppo. 

Edema pulmonar, un infrequente sed general- 
mente letal complication de febre hemorrhagic, 
respondeva al therapia si le patiente esseva 
etiam hypertensive al tempore del declaration 
del edema pulmonar, sed iste complication 
esseva uniformemente mortal in patientes 
normo- o hypotensive. 
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Clinical Evaluation of a New Oral Nonmercurial 
Diuretic 


By BENJAMIN WAINFELD, M.D., Jacop J. Yarvis, M.D., Aanp ARTHUR FANKHAUSER, M.D 


The oral administration of the organomercurial drugs in patients requiring prolonged manage- 
ment of congestive failure has been rather unsatisfactory because of occasional toxic signs and 
symptoms. With the development of the pyrimidinedione derivatives as diuretic agents and en- 
couraging pharmacologic studies in animals, clinical trial is warranted. A group of 24 patients who 
had received injections of mercurial diuretics for at least 6 months prior to study were treated 
with this new diuretic. Results of this experience are described. 


HE problems associated with long-term 

therapy involving mercurial diuretics have 
been thoroughly discussed in recent medical 
literature. The occasional toxic signs and 
symptoms reported! and the pain and in- 
convenience of repeated injections further 
emphasize the desirability of finding an effec- 
tive oral diuretic. Many patients requiring 
diuretic therapy present evidence of renal 
failure of varying degree, and the use of the 
organomercurial drugs is not desired in some 
of these. A satisfactory nonmercurial drug 
would therefore be of great value in the 
management of such patients. 

The development of the pyrimidinedione 
derivatives as diuretic agents, and the pre- 
liminary pharmacologic studies in animals, 
seemed to indicate that a clinical trial was war- 
ranted. Perhaps a further incentive to such a 
clinical investigation was the presence of over 
150 patients weekly at the diuretic injection 
clinic at this hospital. 


MATERIAL AND METHODS 


In an effort to conduct a valid study, the patients 
reporting weekly or biweekly for their injections were 
screened for a period of 1 month. Only those patients 
who had received injections for at least 6 months 
prior to our study were considered. During this 
month of observation all diuretic therapy was with- 
held and the patients were weighed biweekly. In 
this manner their individual requirements for medi- 
cation were established. A group of patients was 
chosen who required at least 1 injection of a mer- 
curial diuretic each week; frequently they required 2. 


From the Medical Clinic, Out-Patient Depart- 
ment, Kings County Hospital Center, Brooklyn, 
Nek. 


This group consisted of 30 patients, but only 24 ar 
to be discussed. The remaining 6 patients attende: 
at infrequent intervals or dropped out of the study 
early in its course. Each of these 24 patients ha 
required at least 1 mercurial injection weekly for 6 
months prior to screening, and also during the 4 
week screening period. The criteria used in deter 
mining diuretic requirements were signs of weight 
gain, peripheral edema, pulmonary congestion, and 
hepatic engorgement and subjective symptoms oi 
dyspnea and orthopnea. These manifestations also 
served as standards in evaluating success or failure 
of therapy during the study. The age, diagnoses, 
and other pertinent data are given in table 1. 

Each patient had a 6-foot x-ray film of the chest 
and a 12-lead electrocardiogram. In addition, the 
serum sodium, potassium, chlorides, and blood urea 
nitrogen levels were determined. These were used 
as a baseline in the study of the effect of the diuretic 
agent being evaluated. Since the patients were drawn 
from an ambulatory clinic population, the measure 
of effective diuretic activity was a careful determi- 
nation of the weight at each visit. The examinations 
listed above were also repeated periodically at stated 
intervals. The patients were observed initially and 
at least biweekly thereafter by one of us. At each 
visit special attention was paid to weight gain or 
loss and to the presence or absence of peripheral 
edema, the lungs and heart were examined routinely, 
and symptoms, such as dyspnea, orthopnea, and 
gastric disturbance, were noted. 

They were then placed on the drug Mictine* and 
carefully instructed as to dose and manner of inges 
tion. The drug was obtainable at each visit only, 
and enough was given to last until the next scheduled 
visit. In this manner, it was possible to obtain a 
satisfactory rate of attendance. The dose used 
varied from 0.8 to 1.6 Gm., according to the re 
sponse of the individual. It was altered as indicated 
by increased weight, signs of toxicity, and effectiv: 


* Kindly supplied by Dr. J. William Crosson 
Assistant Director, Clinical Research, G. D. Searle & 
Co., Chicago. 
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Asthma, emphysema, cor 
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ASHD, diabetes mellitus 
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RHD 
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ASHD 
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Chronic pulmonary dis- 
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._ A.T., 73, M 
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9») 
23 
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ASHD—arteriosclerotic heart disease; RHD—rheumatic heart disease; HHD—hypertensive heart disease. 


Cases no. 27 to 30 dropped out after 3 to 6 weeks. 


diuresis as noted subjectively by the patient. Ini- 
tially, one-half the group took Mictine on alternate 
days and the remainder on 3 consecutive days of 
each week. Within a few weeks it became evident 
that the latter was more desirable. A more effective 
diuretic action was obtained, and the control of 
weight was more easily accomplished. The patients 
were observed for 6 months. The results are sum- 
marized in table 1. 


RESULTS AND CONCLUSIONS 


Two of the 24 patients, C.G. and B.S., who 
had required mercurial injections biweekly, 
were not benefited at all. In a very short time 
they had to be given their usual injection. The 
drug was increased in both cases from 0.8 to 
1.6 Gm., (the maximum tolerated dose for all 
our patients), without any effect on the in- 
exorable weight gain observed until parenteral 


TABLE 1.—Clinical Data on Thirty Patients 


dose of 
Mictine 





| 
Dura- 
tion of 
trial 
(Wk.) 


Daily 


Result 
(Gm.) 


0.8 24 | Excellent, no further mercurials re- 
quired 

24 | Good, refractory in 12 weeks 

4 | Poor, mercurials required as before 


24 | Excellent, no further mercurials required 


ooo 


24 | Excellent, no further mercurials required 
24 | Excellent, no further mercurials required 
24 | Good, refractory in 14 weeks 

24 | Fair, refractory in 6 weeks 

24 | Fair, refractory in 5 weeks 

24 | Good, refractory in 11 weeks 

24 | Fair, refractory in 5 weeks 

4 | Poor, mercurials required after 2 weeks 

16 | Good, refractory in 16 weeks 


NOW WOWM SO WW 


24 | Good, refractory in 12 weeks 

24 | Good, refractory in 16 weeks 

24 | Good, refractory in 10 weeks 

4 | Poor, mercurials required as before 
24 | Good, refractory after 20 weeks 

24 | Fair, refractory after 5 weeks 

24 | Excellent, no further mercurials required 
24 | Good, refractory after 11 weeks 

24 | Good, refractory after 15 weeks 

24 | Fair, refractory after 6 weeks 

24 | Fair, refractory after 5 weeks 

24 | Fair, dropped out after 6 weeks 

24 | Good, refractory after 17 weeks 


— ne ee 
SCHrOmMDHDNOSONSOONDND 





— 





mercurial therapy was reinstituted. A third 
patient, S.M., also on previous biweekly 
therapy, was adequately controlled on oral 
therapy of 1.2 Gm. for 4 months. At the end of 
that time he began gaining weight and showed 
an increase in edema. This patient had cor 
pulmonale of rather severe degree. Sixteen of 
the remaining 21 patients were adequately 
controlled, with complete suspension of their 
injections for varying periods. The longest such 
period was 5 months. There was no significant 
alteration in their weight curve, and no clin- 
ically detectable sign of increased fluid reten- 
tion. They had all required weekly injections 
during the period of screening to control 
weight gain and symptoms of congestive heart 
failure. At differing time intervals, each began 
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to show a rise in weight and finally had to be 
given an injection again. The remaining 5 
patients, all requiring at least 1 injection 
weekly prior to their inclusion in the study, are 
satisfactorily controlled to date. They are 
edema-free, with no increase in weight, and 
state that they feel as well as they did during 
the months of injection therapy. They are 
uniformly pleased at the possibility of fore- 
going the weekly injections. 

It is too early to conclude that a satisfactory 
oral, nonmercurial diuretic has been obtained. 
In 16 patients an apparently refractory state 
developed that required a return to parenteral 
therapy, and the patients in severe heart failure 
were not benefited to any degree at all: these 
difficulties emphasize the need for a continued 
search for the ideal oral diuretic. Nevertheless, 
the significant number of patients who were 
improved and the number whose injections 
were spaced out over increased intervals made 
us believe that Mictine warrants a trial in 
patients who have moderate fluid retention and 
in those who require only intermittent mer- 
curial diuretic therapy. 

Repeated laboratory analyses did not dis- 
close any abnormal alteration in blood chem- 
istry. Therefore, it is reasonable to conclude 
that the drug is among those that should be 
considered in all cases where mercurials appear 
to be contraindicated. 

The 16 patients who became refractory to 
Mictine have been placed on another pyrimi- 
dinedione derivative, and have shown a sig- 
nificant weight loss and reduction in edema. It 
is, however, too soon to determine the clinical 
value of this drug. It is planned to report on this 
group of patients when an adequate trial of 
at least 6 months have passed. 

Toxic symptoms associated with Mictine 
were numerous at the outset of the study. 
There were many complaints of epigastric 
distress, nausea, and occasional epigastric 
pain. These appeared as the dose neared 1 Gm. 
daily. All these complaints ceased when the 
patients were instructed to take their pills with 
their meals. In those whose dose was raised 
progressively in order to achieve optimum 
control, a limit of 1.6 Gm. daily was reached, 


beyond which no further increase was toler- 
ated. 

The optimum dose was found to vary 
considerably. It always was between 0.6 and 
1.2 Gm. and was best given in divided doses 
with meals for 3 days per week. 


SUMMARY 


Thirty patients with fluid retention seconc- 
ary to heart disease were studied in a clinics] 
trial of the drug Mictine. Twenty-four, who 
participated in the trial for a period of at 
least 6 months, are reported. In 5 of these, 
completely satisfactory control was obtained 
without need for injections of mercurial 
diuretics. Sixteen received some relief for 
periods up to 5 months. In all these cases, 
injections of a mercurial diuretic were spaced 
out over longer intervals. One patient with 
severe cor pulmonale, requiring biweekly 
injections prior to the study, was controlled 
for 4 months before further parenteral therapy 
was needed. Two who had severe congestive 
heart failure requiring biweekly injections of 
mercurials were not benefited at all. There was 
no significant alteration in blood chemistry 
values observed during the entire period of 
the trial. The drug must be taken during meals 
in order to avoid gastric irritation, which was 
the only sign of toxicity observed. The optimum 
dose varies for different patients. It was found 
to be between 0.8 and 1.2 Gm., given 3 days 
consecutively per week. A dose greater than 
1.6 Gm. was not tolerated by any patient with- 
out symptoms of severe gastric irritation. 
The drug deserves trial in cases of moderate 
congestive failure and in all cases where mer- 
curial diuretic therapy is contraindicated. 


SUMMARIO IN INTERLINGUA 


Trenta patientes con retention de fluido, 
secundari a morbo cardiac, esseva studiate in 
un test clinic del droga Mictina. Vinti-quatro 
patientes participava in le test durante un 
periodo de al minus 6 menses. Le presente 
reporto es restringite a istes. In 5 de illes, un 
completemente satisfacente domination essevs. 
obtenite sin ulle necessitate de injectiones de 
diureticos mercurial. Dece-sex obteneva un 
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certe alleviamento durante periodos de usque 

5 menses. In omne casos de iste gruppo, 
injectiones de un diuretico mercurial esseva 
:dministrate con plus longe intervallos. Un 
»atiente con sever corde pulmonal requireva 
injectiones biseptimanal ante le periodo del 
-tudio. Sub tractamento a Mictina su condi- 
(ion esseva dominate durante 4 menses ante 
que le uso del therapia parenteral esseva de 
ovo requirite. Duo patientes con sever con- 
vestive disfallimento cardiac—requirente injec- 
‘iones biseptimanal de mercuriales—non bene- 
liciava de Mictina del toto. Nulle significative 
alteration de valores sanguino-chimic esseva 
observate durante le integre periodo del studio. 
Le drogo debe esser prendite con repastos pro 
evitar irritation gastric. Isto esseva le sol signo 
de toxicitate observate. Le dosage optimal varia 
ab un patiente al altere. Illo se trovava inter 
0,8 e 1,2 g, administrate 3 dies consecutive per 
septimana. Doses supra 1,6 g non _ esseva 
tolerate per ulle patiente sin symptomas de 
sever irritation gastric. Le droga merita un 
proba in casos de moderate disfallimento con- 


_ 


gestive e in omne casos de contraindication de 
therapia a diureticos mercurial. 
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In contrast to the depressor effect of salt restriction in uncomplicated primary hypertension, 2 
weeks of salt restriction in 6 patients with the accelerated phase of the disease produced no change 
in blood pressure, despite significant declines in serum sodium concentration. These observations 
support the view that pressor mechanisms associated with at least some forms of renal damage are 
different from those in uncomplicated hypertensive states. 
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Relationship of Left Atrial Volume to Pulmonary 
Artery and Wedge Pressures in Mitral Stenosis 


By Louis A. Sotorr, M.D., Jacop Zarucuni, M.D., AnD GreorGE E. Mark, Jr., M.D. 


The significance of left atrial volume has been studied in 20 consecutive patients with mitral stenosis. 
Cardiac catheterization was performed and resting pressures in the right atrium, right ventricle, 
and pulmonary artery, as well as wedge pressure, were determined. Angiocardiography was per- 
formed immediately after cardiac catheterization. On the basis of these data the relationship be- 
tween the estimated left atrial volume and these pressures is stated. 


NLARGEMENT of the left atrium is a 

characteristic and constant finding in 
mitral stenosis.! The degree of left atrial en- 
largement, which varies considerably from 
patient to patient, may be due to a single cause 
or a combination of factors such as left intra- 
atrial pressure, intrinsic left atrial disease, and 
hypervolemia. 

This study attempts to determine the sig- 
nificance of left intraatrial pressures as re- 
flected in the pulmonary artery and pulmonary 
artery wedge pressures, in the production of 
the abnormal and variable volumes of the left 
atria in individuals with mitral stenosis. 


METHODS AND MATERIALS 


Twenty consecutive unoperated individuals with 
isolated mitral stenosis were studied. There were 16 
females and 4 males, 25 to 60 years old. None was 
in heart failure at the time of study. All had a late 
diastolic rumbling murmur with presystolic accentu- 
ation, of variable intensity, at the apex. None had a 
mitral systolic murmur with an intensity greater 
than grade I; indeed, 13 had no systolic murmur at 
all. M, and P, were loud. There was normal sinus 
rhythm in 14 and atrial fibrillation in 6. None had a 
lifting thrust at the apex. All showed on roentgen- 
ray study a variable degree of prominence of the 
pulmonary artery and enlargement of the left atrium 
and right ventricle. None had a roentgen diagnosis 
of left ventricular enlargement. The over-all size of 
the cardiac silhouette was reported as normal in 10 
individuals and variably enlarged but never greatly 
so in the remaining 10. There was no instance of 
leftward deviation of the QRS in the extremity leads 
nor signs of left ventricular hypertrophy in the pre- 
cordial leads. Finally, the pressure pulse obtained 
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by cardiac catheterization disclosed no evidence sug 
gestive of mitral regurgitation. 

All patients were studied in the postabsorptiv: 
state and without sedation. The technic of venous 
cardiac catheterization was performed with the pa 
tient in the supine position. Resting pressures in the 
right atrium, right ventricle, and pulmonary artery 
were obtained. For the purpose of this study, only 
the pulmonary artery pressure is given. Pressure was 
also obtained after wedging the pulmonary artery 
by catheter, according to the method of Hellems and 
his associates.? Pressure so obtained was designated 
pulmonary capillary venous pressure, according to 
custom, but only if blood from this site had an oxy 
gen content approximating that from the femoral 
artery. All pressures were recorded with a Statham 
strain-gage electromanometer and Cambridge direct- 
writing oscillograph. 

The mean pulmonary artery pressure and the 
mean pulmonary capillary venous pressure were de- 
termined by planimetric integration. In our labo- 
ratory, the normal mean pulmonary artery pressure 
is 13 mm. Hg and the mean capillary venous pres- 
sure is no greater than 12 mm. Hg. 

Immediately after cardiac catheterization, angio- 
cardiography was done with the patient in the sit- 
ting position. We used a simultaneous biplane stereo- 
scopic angiocardiographic apparatus devised by Dr. 
W. Edward Chamberlain.* This technic and the 
method of defining the left atrial volume have been 
previously described.! 


RESULTS 


The pertinent data are given in table 1. The 
subjects are listed according to increasing 
angiocardiographic volume of the left atrium. 

In this series, the smallest left atrial volume 
was 270 ml. and the largest 918 ml. Three were 
less than 300 ml., 5 between 300 and 400 ml., 
3 between 400 and 500 ml., 5 between 500 and 
600 ml., and 4,680 ml. or more. The mean 





*Commercial version available from Franklin 
X-ray Corporation, Philadelphia, Pa. 
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TABLE 1.—Clinical Data and Pulmonary Vascular 
Tressures Listed According to Increasing Left Atrial 
*Volume”’ 





TABLE 2.—Correlaiion Coefficients (r) and their Prob- 
ability (p) as Tests of Independence of Observed 
Measurements 
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pulmonary artery pressure varied from 10 to 72 
mm. Hg. All but one exceeded the normal. 
This patient (C.P.) was a 35-year-old Negro 
female in the ninth month of pregnancy. She 
had no cardiac symptoms since her last bout of 
dyspnea 7 years ago. Five had a mean pulmo- 
nary artery pressure of 51 mm. Hg or more. 
In these 5, the left atrial volume varied from 
522 to 756 ml. The largest left atrial volume 
(918 ml.) was associated with a mean pulmo- 
nary artery pressure of 26 mm. Hg. This 
patient (D.L.) was a 39-year-old man who was 
idmitted into the hospital because of pneu- 
monia. For 1 year he had experienced recur- 
ent bouts of tachycardia. The highest pressure 
61 mm. Hg) of those with a relatively small 
eft atrial volume was found in patient G.I. who 
ntered the hospital because of a bout of noc- 
urnal dyspnea. A similar but more prolonged 


Duration of 
theumatic state 


From | 
onset of 
rheumatic 
fever | 


heart 
disease 


(yr.) (yr.) 
Left atrial |r = 0.312 | r = 0.243 
“volume” p> .10 p> .40 
(ml.) 
Mean pulmo-! r = 0.004 | r = —0.058 | r = —0.046) r = 0.087 
nary artery | p > .80 p> .90 | p > .80 p> .70 
pressure | 
(mm. Hg) | 
Mean pulmo- | r = —0.110) r= 0.095 =| r = —0.278 
nary capil- p> .60 p > .70 | p> .20 
lary venous | 
pressure 
(mm. Hg) 


| (yr.) 
jr= 0.224 
| p> .30 








episode of dyspnea had occurred 3 years pre- 
viously during the sixth month of pregnancy. 
She had no dyspnea in the intervening 3 years. 

The correlation coefficient between left atrial 
volume and mean pulmonary artery pressure 
and its probability as a test of independence of 
the observed measurements of these 2 varia- 
bles are shown in table 2. 

The mean pulmonary capillary venous pres- 
sure exceeded our normal of 12 mm. Hg in 16 
of the 20 patients. The greatest pressure (34 
mm. Hg) was found in patient W.O. with the 
smallest left atrial volume. She had 2 episodes 
of acute dyspnea in the recent past and her 
effort tolerance was subnormal. A similar high 
pressure was found in patient T.J. with a left 
atrial volume of 756 ml. The largest left atrial 
volume (918 ml.) was associated with a mean 
pulmonary capillary venous pressure of only 18 
mm. Hg. 

The correlation coefficient between left 
atrial volume and mean pulmonary capillary 
venous pressure and its probability as a test of 
independence of the observed measurements of 
these 2 variables are also shown in table 2. 


DISCUSSION 


Our data fail to reveal any significant rela- 
tionship between left atrial volume and either 
the mean pulmonary artery pressure or the 
mean pulmonary capillary venous pressure. 
Nor is there any association of rising pressures 
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with increasing volumes. Any relationship that 
may be present is completely obscured by 
other more potent factors determining the 
degree of left atrial enlargement. 

The finding of markedly different left atrial 
volumes in individuals with approximately 
equal pulmonary vascular pressures suggests 
that factors other than pressure are the im- 
mediate cause of left atrial enlargement. One 
such factor may be change in elasticity of the 
left atrial wall. Decrease in elasticity of the 
left atrial wall, however, could be due either to 
the effect of an abnormally elevated pressure 
operating over a prolonged time or to factors 
independent of the back pressure produced by 
mitral block. 

The effect on left atrial volume of chronically 
elevated pressures can be determined defini- 
tively only by longitudinal studies over a pro- 
longed time. Such studies are, as yet, not avail- 
able. Our preliminary studies of a few patients, 
studied for slightly more than 3 years, fail to 
reveal any significant change in left atrial 
volume. Indeed, we have conventional roent- 
genograms of individuals with mitral stenosis 
that reveal no detectable change in over-all 
cardiac size or shape for over 2 decades, but 
admittedly the left atrial volume is difficult to 
estimate by such relatively crude studies.* 

An indirect method of attempting to assess 
the effect of time is to determine the relation- 
ship of left atrial volume and pulmonary 
vascular pressures to the age of patient and to 
known duration of rheumatic state and of rheu- 
matic heart disease. This is possibly an over- 
simplification of the problem because of the 
uncertainty of the duration of the level of the 
pulmonary vascular pressures found at the 
time of study. Nevertheless, a positive correla- 
tion would suggest a definite relationship, 
whereas very wide variations in opposite direc- 
tions point very strongly to factors other than 
pressure due to mitral block as more important 
in determining the degree of left atrial en- 
largement. We have therefore analyzed our 
data with respect to age of patient and to 
duration both of the rheumatic state and of 
known rheumatic heart disease. 

Duration of the rheumatic state is defined 
as the difference between the present age and 


the age at onset of rheumatic fever. Because of 
the frequent absence of a history of rheumati« 
fever and because we are concerned specifically 
with its cardiac component, duration of know) 
heart disease was also determined. This is 
defined as the difference between the presen 
age and the age at which heart disease was firs: 
recognized and thereafter constantly present. 

No significant relation was found between 
these factors and either the left atrial volum> 
or the pulmonary vascular pressures (table 2). 
An additional 18 cases, not included in this 
study, were analyzed to determine any tren 
toward possible relation between age and lef: 
atrial volume and again no significant rela 
tionship was found (r = 0.495, p > 0.80) 
Likewise, in an additional 11 cases, no signifi 
cant relationship was found between mean 
pulmonary capillary venous pressure and dura- 
tion of known heart disease (r = —0.183, p 
> 0.50). 

This lack of correlation between volume and 
pressure is most clearly indicated by those pa- 
tients (C.P., L.S., J.S., and A.R.) who have an 
enlarged left atrium and normal pulmonary 
capillary venous pressure. Under such circum- 
stances, one might assume either that there 
never was preceding mitral block due to mitral 
stenosis or that the pressure dropped without 
restoration of the left atrial volume to normal. 
The latter appears untenable because there are 
individuals with enlarged left atria who have a 
normal cardiac output. Had the hypothetical 
pulmonary capillary venous hypertension ac- 
tually been due to structural mitral stenosis, its 
fall to normal would result in a diminished 
cardiac output inasmuch as the structural 
stenosis in the absence of surgery is permanent. 

Two other causes for left atrial enlargement, 
among other possibilities, are rheumatic atrial 
myocarditis and cardiac failure of any cause. 

Rheumatic atrial myocarditis was previously 
the dominant explanation for left atrial en- 
largement in rheumatic heart disease. This 
hypothesis has abundant support in anatomic 
studies of the heart.t Indeed, Bramwell and 
Duguid,* in a study of aneurysmal dilatation o! 
the left atrium, concluded that the only ob- 
vious cause for such enlargement: was “fibrosis 
of the auricular wall...due to an ischemic 
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necrosis associated with a rheumatic infec- 
tion....’? They discounted the mechanical 
influence of any mitral valvular lesion because 
stenosis or regurgitation may be present and 
marked enlargement of the left atrium is rare, 
while both stenosis and regurgitation are rela- 
tively common. We ourselves have found no 
correlation between the size of the left atrium 
during life and the degree of mitral stenosis as 
reported by the surgeon, regardless of the age 
of the patient or the duration of the rheumatic 
state. Indeed, the finding of very large left atria 
with but mildly elevated pressures in young 
people makes it difficult to consider anything 
but localized left atrial disease independent of 
pressure as the major cause of the enlargement. 
In those with normal pressure and normal 
cardiac output, atrial disease unrelated to 
mitral block appears to be the only possible 
cause. 

Cardiac failure is a cause for left atrial en- 
largement in individuals with mitral stenosis. 
Our unpublished data indicate that the left 
atrium is larger during a bout of failure than 
after compensation. Our studies also show that 
the pulmonary vascular pressures are higher 
during failure than after compensation. This 
increase in pressure is not due to structural 
mitral stenosis, which is irreversible by medical 
therapy, but is due rather to hypervolemia, 
myocardial failure, or both. It is possible that 
prolonged myocardial failure leads to irreversi- 
ble increase in volume of the left atrium that is 
already the seat of intrinsic disease. Indeed, 
numerous studies in the past indicate that the 
largest hearts occur in individuals who have 
had the most frequent and prolonged bouts of 
failure. 


SUMMARY 


The left atrial volume, pulmonary artery and 
pulmonary capillary venous pressures were 
measured in 20 consecutive unoperated indi- 
viduals with isolated mitral stenosis. No 
significant relationship was found between left 


atrial volume and pulmonary artery wedge 
pressures. No significant relationship was found 
between left atrial volume and pulmonary 
vascular pressures and the age of the patient 
or the duration of the rheumatic state or of 
known rheumatic heart disease. Any relation- 
ship present between these parameters is ob- 
scured by other more potent factors. 
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SUMMARIO IN INTERLINGUA 


Le volumine sinistro-atrial e le pressiones 
pulmono-arterial e pulmono-capillari venose 
esseva mesurate in 20 consecutive non-operate 
casos de isolate stenosis mitral. Nulle sig- 
nificative relationes esseva trovate inter le 
volumine sinistro-atrial e le pressiones cuneate 
de arteria pulmonar. Nulle significative rela- 
tiones esseva trovate inter le volumine sinistro- 
atrial e le pressiones pulmono-vascular e le 
etate del patiente o le duration de su stato 
rheumatic o cognoscite morbo cardiac rheu- 
matic. Si il existe relationes inter le factores 
investigate, ille relationes es obscurate per 
altere factores de plus grande potentia. 
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Extreme Bilateral Atriomegaly 


Review of the Literature and Report of a Case 


By Wayne R. Rocers, M.D. Anp BENJAMIN WirTELS, M.D. 


Extreme enlargement of the atria is unusual and its mechanism is not clearly established. A case 
is reported here of extreme bilateral atriomegaly with some special features of interest and the 


entire problem is reviewed. 


HE cardiac atria of the normal adult are 

nearly equal in size; the right averages 
163 ml. in capacity, the left 140 ml.! The left 
atrium is more prone to enlarge, usually in 
association with mitral valve disease; it rarely 
reaches extreme volumes of 3,000 ml.? Extreme 
left atriomegaly was first reported as “‘aneurys- 
mal dilatation of the left auricle” in 1849 by 
Hewett,’ but the clinical aspects have been 
appreciated less than 50 years. Excellent re- 
ports have been made by Bramwell and 
Duguid‘ and by Daley and Franks.’ However, 
little attention has been given to the status of 
the right atrium in these patients, since it was 
usually only slightly dilated. 

Observation of a patient with a left atrium 
2,000-ml. size and a right atrium of 800-ml. 
size stimulated a review of the literature aimed 
at evaluating the clinical and pathologic as- 
pects of bilateral extreme atriomegaly. Cases 
were arbitrarily included for study only if 
there was anatomic evidence that the volume 
of the left atrium exceeded 1,000 ml. and that 
of the right atrium, 500 ml. Nine such cases 
were found, and their relevant data are listed 
in table 1. 


CasE Report 


The patient (B.I.H. A55-170) was a white man, 
35 years old at death. At 4 years of age recurrent 
pains and swelling developed in the extremity 
joints. At age 9 these symptoms caused his hos- 
pitalization at the House of the Good Samaritan, 
Boston, for 13 months. Examination disclosed 
chorea, cardiac enlargement, a loud mitral pre- 
systolic murmur, softer mitral and aortic systolic 
murmurs, and a very soft aortic diastolic murmur. 
Electrocardiograms showed normal sinus rhythm, 
P-R intervals of 0.19 to 0.24 sec., notching of Pi.» 


From the Departments of Medicine and Pathology 
of the Beth Israel Hospital, Boston, and of the Har- 
vard Medical School. 


and an electric axis of +75°. Improvement occurred 
on rest and diet therapy. Final diagnoses were active 
rheumatic carditis, mitral insufficiency and steno- 
sis, and possibly aortic insufficiency. 

The first recorded cardiac fluoroscopy, done at 
age 12, disclosed “‘well marked enlargement” of the 
left atrium, which formed the upper right border of 
the enlarged, mitral-shaped, cardiac silhouette. At 
age 18, atrial fibrillation developed abruptly with a 
ventricular rate of 130/min. Subjectively only pal- 
pitation was noted and this subsided following 
digitalization. On 0.1 Gm. of the whole leaf daily, 
he maintained a ventricular rate of 80 to 90/min. 
thereafter. At age 19, cardiac fluoroscopy disclosed 
enlargement of the right atrium and right ventricle. 
The cardiothoracic ratio was 14.5:24.2 em. His 
general condition remained good as confirmed by 
semi-annual medical examinations. He was able to 
carry out a life of moderate activity, working full 
time as a draftsman. 

In January 1950, at age 29, he entered the Beth 
Israel Hospital, Boston, complaining of the gradual 
development of exertional dyspnea, orthopnea, 
paroxysmal nocturnal dyspnea, occasional precordial 
aching unrelated to exertion, nonproductive cough- 
ing, and rare episodes of dysphagia for a period of 4 
months. Examination disclosed a tall, thin male of 
medium build. The rectal temperature was 99.6 F.; 
respirations were labored at a rate of 30/min.; the 
apical pulse was irregular at a rate of 108/min.; 
and the arm blood pressure was 160/100 mm. Hg. 
(All subsequent blood pressure determinations were 
within normal limits.) The point of maximum cardiac 
impulse was located in the sixth intercostal space in 
the left anterior axillary line. There were loud, rough 
apical systolic and diastolic murmurs and thrills, 
softer aortic systolic and diastolic murmurs, a loud 
pulmonic second sound, and a soft aortic second 
sound. There was slight cyanosis but no clubbing of 
the fingers. The neck veins were not distended; the 
lungs were clear; the liver edge was palpable; and 
edema was absent. Laboratory studies including 
complete blood counts, plasma nonprotein nitrogen, 
Hinton serologic reaction, and urinalysis were normal 
except for 2+ to 4+ albuminuria. The arm-to- 
tongue circulation time was 32 sec. The vital 
capacity was 2.1 L. (normal 4.3 L.). Chest fluoros- 
copy disclosed enlargement of all 4 cardiac chambers, 
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ROGERS AND WITTELS 


TaBLeE 1.—Clinical and Pathologic Features of Ten Cases of Extreme Bilateral Atriomegaly 
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most markedly of the left atrium, which pulsated 
synchronously with ventricular systole. No in- 
tracardiac calcification was seen. The esophagus was 
displaced posteriorly and to the left, and the 
bronchial angle at the carina was widened by the 
enlarged left atrium. There was dilatation of the 
pulmonary artery, the lungs appeared slightly con- 
gested, and the costophrenic angles contained a 
small amount of fluid. Electrocardiograms showed 
atrial fibrillation, right axis deviation (+120°), and 
probable right ventricular hypertrophy. Treatment 
with rest, low-salt diet, continuation of digitalis, 
and mercurial diuretic injections every other day 
resulted in lessening of dyspnea and a 12-pound 
weight loss, whereupon he was discharged. 

Because of gradual relapse on this regimen he 
was rehospitalized from March to May 1950. 
\dditional studies disclosed an antecubital venous 
pressure of 185 mm. of saline and an icterus index of 
28 units. Basal metabolic rates averaged +5 per 
cent, and the 24-hour thyroid uptake of radioiodine! 
was 37 per cent. As a final therapeutic measure, this 
cuthyroid patient was given 32 mc. of radioiodine in 
2 divided doses in April 1950. 

He changed little until September 1950, when 
inyxedema appeared. Thereafter, exertional capacity 
improved considerably, and mercurial injections 
vere required only every 2 weeks. Chest roent- 
venograms during this period showed slight diminu- 
ion in cardiac size and clearing of pulmonary 
ongestion (fig. 1). In January 1952, thyroid, 6 to 18 
ag. daily, was instituted to alleviate symptoms of 








myxedema. The basal metabolic rate was main- 
tained at an average of —25 per cent and the serum 
cholesterol level at 280 mg. per cent. He was able 
to return to full-time work for the next 4 years. 

In August 1955 exertional dyspnea reappeared. 
In October the appearance of mild coughing and of 
chills and fever necessitated rehospitalization. The 
cardiac findings were unchanged. There were now 
neck vein distention, dullness, decreased breath 
sounds and crepitations over the right lower pos- 
terior chest, moderate hepatomegaly, and slight leg 
edema. No evidence of thrombophlebitis was found. 
The chest roentgenogram showed a more greatly 
enlarged heart and consolidation of the right middle 
lobe that was interpreted as a possible pulmonary 
infarct. The electrocardiogram disclosed increased 
evidence of right ventricular hypertrophy (fig. 2). 
In conjunction with the cardiac therapy, heparin 
was administered intravenously every 4 hours in 50 
mg. doses. Dyspnea increased, cyanosis, hypoten- 
sion, stupor, and periodic breathing developed, and 
he died on the third hospital day. 

Postmortem examination revealed 200 ml. of 
serous fluid in the pericardium and dense fibrous 
adhesions between the left atrium and the peri- 
cardial sac. The heart was huge because of enormous 
enlargement of the atria and auricular appendages 
(fig. 3). The left atrium was uniformly dilated and 
contained more than 2 L. of blood. It abutted 
against the lateral wall of the left hemithorax and 
extended to within 5 cm. of the right chest wall. 
Superiorly, it reached to the level of the aortic arch; 
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Fic. 1. Posteroanterior and lateral chest roentgenograms in 1954. LA is left atrial border. RA is 
right atrial border. Note the marked retrodisplacement of the barium-filled esophagus and the ab 


sence of pulmonary congestion. 


Fic. 2. Electrocardiogram of October 25, 1955. There is a deep S wave in leads V; and Vs that is 


not clearly visible. 


inferiorly, it rested upon the diaphragm; and 
posteriorly, it widened the main stem bronchial 
angle and displaced the esophagus to the left and 
posteriorly. It compressed and markedly dis- 
placed both lungs posterolaterally. The fossa ovalis 
was closed, and it was enlarged 3 to 4 times normal. 
The endocardium displayed diffuse reticulation and 
was heavily encrusted with calcium plaques. They 
were especially prominent in and about the fossa 
ovalis and the auricular appendage. The walls, 


generally translucent, were thin, fibrous, and 
seemingly depleted of muscle. The right atrium was 
about one third the volume and one-half the width 
of the left. Its endocardium was focally thickened 
but devoid of calcification. The pectinate muscles 
appeared hypertrophied. There was marked _hy- 
pertrophy and dilatation of the ventricles. The left 
ventricular wall had a maximum thickness of 1.7 
em., the right 0.6 cm., and the interventricula 
septum, 2.2 cm. There was no mural thrombus. Th« 
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mitral valve was stenotic, rigid, and heavily cal- 
cified. The cross-sectional diameters of its orifice 
were 1.5 by 0.7 em. There were no vegetations. The 
chordae tendineae were thickened, fused, and 
shortened. The tricuspid valve showed slight 
thickening and rolling of the free borders, and a 
few of its chordae tendineae were slightly thickened 
and shortened. The aortic valve was normalexcept for 
minimal commissural fusion between 2 of its cusps. 
[he pulmonic valve was unremarkable. The cir- 
‘umference of the mitral valve ring was 14.5 cm., 
if the tricuspid 12 em., aortic 9 cm., and of the 
pulmonic 8 em. The coronary arteries, examined by 
the injection and dissection technic of Schlesinger,’* 
had a few discrete, nonstenosing atheromatous 
plaques in the main left and right stems. The ar- 
terial supply of the atria appeared commensurate 
with the atrial size. Prior to fixation the total 
weight of the empty heart was 688 Gm., the free 
left ventricle weighed 180 Gm., free right ventricle 
120 Gm., interventricular septum 125 Gm., left 
atrium 118 Gm., right atrium 54 Gm., interatrial 
septum 18 Gm., and epicardial fat 63 Gm.* The 
heart had not deformed the chest markedly. 

Histologically, the atria showed widespread 
fibrosis. In both ventricles there were several 
Aschoff bodies and numbers of small arteries showed 
slight degrees of medial hypertrophy with metallaxis. 
There was slight fibrosis of the myocardium, in- 
volving mainly the inner layers of the left ventricle. 

The right lung weighed 980 Gm. and the left 480 
Gm. The right middle and lower lobes were largely 
consolidated by pneumonitis. There was very 
striking pulmonary atherosclerosis, especially in the 
lobar arteries. The lobar arteries of the right middle 
and left lower lobe each contained an organizing 
thrombus 2.5 to 3.0 em. long; in the latter location 
about 75 per cent stenosis was produced. No fresh 
thrombi were found. There was bilateral hydro- 
thorax (right 350 ml., left 50 ml.) and ascites of 350 
ml. The liver weighed 1360 Gm. and was very firm 
and finely nodular. Both kidneys were scarred. The 
thyroid gland consisted of 2 Gm. of fibrous tissue. 
No phlebothrombosis was found in the pelvic or 
leg veins. 

Final pathologic diagnoses were rheumatic heart 
disease, moderately active, (a) mitral stenosis and 
insufficiency, (b) commissural fusion of the aortic 
valve, mild, (c) cardiomegaly, 688 Gm., (d) enor- 
mous atria with fibrosis and calcification; chronic 
passive congestion of the lungs; chronic recurrent 
pneumonitis of the right middle and lower lobes; 
pulmonary atherosclerosis, severe; pulmonary em- 


* Mean weights of normal adult male hearts, 
divided according to this technic, are listed by the 
pathologist, Leo Reiner, M.D., as follows: left 
ventricle 120 Gm., right ventricle 80 Gm., both atria 
80 Gm., interventricular septum 90 Gm., total heart 
320 Gm. 


Fic. 3. Postmortem view of viscera in situ re- 
tracted to show the large atria.. 


boli; cardiae cirrhosis of the liver; healed renal 
infarcts; thyroid atrophy following radioiodine 
therapy. 


Discussion 

Terminology. The structure involved in the 
enlargement is the entire atrium, including the 
appendage. The processes involved are mainly 
dilatation with varying degrees of muscular 
hypertrophy or atrophy and fibrosis. The 
dilatation is relatively uniform; however, 
owing to uneven resistance presented by ad- 
jacent structures, the extremely dilated atrium 
may assume an asymmetric contour. This find- 
ing has led to the use of the description “aneu- 
rysmal dilatation.”” The term ‘massive dila- 
tation” is somewhat inappropriate since the 
atrial wall itself is usually not much increased 
in weight; “enormous” or “extreme dilatation” 
is preferable. Usually this degree of enlarge- 
ment of the left atrium is best judged clinically 
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by finding its right border extending beyond 
the structures that normally form the right 
cardiac silhouette in the posteroanterior pro- 
jection of the roentgenogram. 

Pathologic Aspects. Eight patients (cases 1-8) 
had chronic rheumatic heart disease with severe 
mitral valve involvement. A rather uniform 
picture of confluent scarring of these leaflets 
and chordae tendineae was found converting 
the valve into a tough fibrous septum; gross 
calcification was noted in 4 of these valves. 
The oval or round ostia would admit 1 finger- 
tip to 3 fingers, and they were evidently both 
insufficient and stenotic. Combined ventricular 
hypertrophy of moderate to marked degree 
was present in all 8 cases. In none was func- 
tionally significant aortic or pulmonic valvular 
disease or myocardial disease thought to be 
present, although in 4 the aortic valve was 
scarred. 

In case 9 the solitary cardiac lesion noted 
was pure mitral insufficiency due to a rent 18 
mm. long in the anterior leaflet resulting from 
the impact of a pistol slug. Over a 10-year 
period, it produced enormous dilatation with 
hypertrophy of all 4 cardiac chambers. 

Case 10 was quite exceptional in that there 
was no significant organic valvular lesion. The 
atrial dilatation appeared to be due solely to 
chronic constrictive pericarditis, which acted 
presumably by producing prolonged atrial 
hypertension. 

The pathogenesis of enormous left atrial 
dilatation is not well understood. Nearly always 
a marked and long-standing rheumatic mitral 
valve lesion appears to be the major etiologic 
factor, although structurally nothing unique 
has been described about the valve lesions 
that have been found associated with the 
largest atria. Occasionally there is_ tight 
stenosis, but more commonly a considerable 
element of insufficiency is evident. Recently, 
left atrial catheterization in 15 patients with 
“giant” left atria has disclosed a single feature 
that correlates with the enormity of the atrial 
enlargement. This feature consists of “rapid 
and severe vibratory fluctuations of pressure’’ 
coincident with a regurgitant jet, which sug- 
gested the possibility of a poststenotic mech- 
anism in reverse, as a factor in the production 
of the enormous dilatation. 


The right atrial dilatation in these patients 
can be attributed in large part to the effect of 
rheumatic tricuspid insufficiency in 4 and to 
tricuspid incompetence, due to stretching of 
the tricuspid ring in chronic right heart failure, 
in the remaining 6 cases. The right atrial size 
was less than half that of the left atrium in each 
instance except case 2, in which the right 
atrium was almost as large as the left. This 
patient was the only one who had a moderate 
degree of tricuspid stenosis in conjunction with 
insufficiency. A similar stenotic and insufficient 
tricuspid valve was present in association with 
the largest right atrium on record (2,150 ml."*), 
Curiously, the latter patient’s left atrium was 
normal in size despite the presence of definite 
mitral stenosis. In the present rheumatic pa- 
tients, the relatively smaller size of the right 
atrium as compared to the left is consonant 
with the lesser severity of the tricuspid than 
the mitral lesion, with the more severe fibrosis 
of the left atrium, and with the fact that, in 
most, the disease of the left side of the heart 
can be assumed to be of longer duration. 

Atrial dilatation may be facilitated by pri- 
mary disease of its wall.*: > Evidence of atrial 
disease other than dilatation was lacking in 6 
patients; therefore, if there is a local etiologic 
factor augmenting dilatation, it appears not to 
be essential. Possible stigmata of left atrial 
rheumatic infection were described in the form 
of extensive fibrosis in 4 patients, in 2 of whom 
there was marked endocardial calcification; 
the right atrium of 2 showed moderate fibrosis. 
In 5 patients, pericardial adhesions were noted 
on the left atrium, although in none was there 
evidence of traction that caused aneurysm. 
That these adhesions were rheumatic in origin, 
and were not due alone to trauma involving the 
surface of the enlarging atrium, is suggested by 
their absence in case 9 in which there was no 
evidence of rheumatism. Atrial Aschoff bodies 
were not found in any case. Comparison of 
these atrial findings in the 8 rheumatic patients 
with those usually found post mortem in 
chronic rheumatic valvular disease'*: ” is only 
somewhat suggestive of unusually severe 
atriitis in 4. A history of recurrent or severe 
manifestations of acute rheumatic fever was 
noted in 5. Nonrheumatic atrial disease, par- 
ticularly septal defect, was not implicated in 
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ny case. The coronary arteries were described 
n 4 hearts, and all were normal. Injection 
tudies of the atrial branches of case 1 dis- 
losed a structurally adequate arterial system. 

The relationship of chronic atrial fibrillation 
o the atriomegaly in these patients seemed to 
e more one of result than cause. Fibrillation 
vas probably absent in the patient with the 
argest left atrium, and in case 1, the left 
atrium was known to be enormously enlarged 

years before fibrillation developed. 

Clinical Aspects. Symptoms and signs arose 
primarily as a result of congestive heart failure 
wr atrial pressure on adjacent structures. 
(herefore, in the early stages discomfort was 
minimal. In case 1 when the left atrium had 
dilated to form the upper right border of the 
cardiac silhouette, the patient continued for 
17 years to have mild exertional dyspnea as 
the only symptom. This phenomenon of 
minimal symptoms despite marked cardio- 
megaly is both characteristic and unique in 
this type of heart disease. It has been attributed 
to a reservoir function of the large left atrium, 
which has been demonstrated anatomically 
and fluoroscopically to be distensible. Probably 
of greater importance is good ventricular func- 
tional capacity, which is in keeping with the 
good condition of the ventricular myocardium 
and vasculature found post mortem. 

Congestive heart failure gradually developed 
in all patients. Its course was lengthy, ranging 
from 3 to 18 years and averaging 8.8 years. 
Initially the evidence of failure was left-sided 
(dyspnea) in 7, right-sided (dependent edema) 
in 1, bilateral in 1, and unknown in 1. Eventu- 
ally it was definitely bilateral in 9 and prob- 
ably so in the tenth case. Evidence of cardiac 
cirrhosis was described in all except cases 2 
and 4. Satisfactory response to routine therapy 
including digitalis was noted in 6. Radioiodine- 
induced hypometabolism effected excellent 
relief of the medically intractable heart failure 
in case 1 for a period of 4 years. 

Symptoms related to left atrial enlargement, 
‘hich in part overlap those of heart failure, 
vere noted in 5 patients. For instance, the en- 
arged heart may fill the lower half or more of 
he thoracic cavity; hence respiratory embar- 
‘assment may occur from reduction of vital 
‘apacity, a feature that has not been studied. 


Cough associated with left or right bronchial 
displacement or compression was noted by 4 
patients; and in case 1, bronchial compression 
appeared to be responsible for the chronic 
pneumonitis. Hemoptysis was recorded in 1 
case, possibly resulting from pulmonary in- 
farction. Mild dysphagia, presumably from 
esophageal compression, was noted by 2 pa- 
tients. Precordial pain irregularly related to 
exertion was described in 2 patients, neither of 
whom had occlusive coronary artery disease at 
postmortem examination. Injection of the 
coronary arteries disclosed well vascularized 
atria and ventricles in case 1; however, there 
was good clinical and pathologic evidence of 
pulmonary arterial hypertension to which the 
pain may have been related. That the mech- 
anism of production of such pain may involve 
atrial ischemia was suggested in a patient 
with an enormous left atrium and fibrillation 
whose pain was relieved by rest or nitro- 
glycerin; yet it was not associated with electro- 
cardiographic changes, which suggest that the 
pain was not of ventricular origin.® In 1 pa- 
tient hoarseness was attributed to the left 
atrial dilatation. Recorded effects of left atrial 
pressure that were not noted in these patients 
are: (1) superior vena caval obstruction, (2) 
collapse of the left lung due to main stem 
bronchial compression on the aorta, and (3) 
erosion of thoracic vertebral bodies. The irregu- 
lar occurrence of pressure effects from these 
extremely large atria suggests that their de- 
velopment is not particularly dependent on the 
degree of atriomegaly. No specific pressure 
effect was ascribed to the dilated right atrium. 

The occurrence of a mural thrombus in an 
enormously dilated atrium is not unexpected 
in view of the common presence of rheumatic 
endocardial damage and of stasis. Such a 
thrombus was found post mortem in cases 2 
and 8, and each was located in the right atrium 
and was small in size. Infarcts possibly due to 
embolization from the heart were found in 
systemic organs in 4 patients. and pulmonary 
infarcts were found in 3. 

Electrocardiograms made during advanced 
stages of the heart disease were described in 4 
patients. All were abnormal tracings and in all 
there was atrial fibrillation. Two showed the 
pattern of right ventricular hypertrophy. In 
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the remaining 2, ventricular hypertrophy was 
not evident; in 1 there was right axis deviation, 
in the other the electric axis was normal. 

All patients died in congestive heart failure. 
Death was precipitated by pneumonitis in 1, 
by pulmonary embolism in 1. Two died sud- 
denly, presumably of cardiac arrhythmia, since 
autopsy revealed no adequate anatomic cause. 
Subacute bacterial endocarditis was not en- 
countered. 

The age at death of the present rheumatic 
patients ranged from 28 to 48 years, averaging 
37. Similar average longevity (34 years) and 
similar average duration of heart failure (7.5 
years) occurred in Smith and Levine’s group of 
32 patients with tricuspid and mitral rheu- 
matic disease who were selected without re- 
gard to atrial size.'* Thus no life-prolonging pro- 
tective function can be ascribed to the enormous 
atria of the present patients. In contrast, these 
authors found that mitral disease alone 
(stenosis) permitted a longer life, and the as- 
sociated heart failure averaged only 2.9 years 
in duration with medical treatment. 

These considerations of extreme atrial dila- 
tation are heightened in importance by the 


recent performance of mitral valvuloplasty in 
several patients having “giant” left atrio- 
megaly. Previously, surgical treatment had 
been considered technically inadvisable. 


SUMMARY 


The clinical and pathologic aspects of bi- 
lateral enormous atrial dilatation are presented 
in 1 case and reviewed in 9 cases in the litera- 
ture. 

The left atrial dilatation was related to 
rheumatic mitral insufficiency and stenosis in 
8 cases, to traumatic pure mitral insufficiency 
in 1 case, and to chronic constrictive peri- 
carditis in 1 case. The less marked right atrial 
dilatation was related to rheumatic tricuspid 
insufficiency in 4 cases and to tricuspid in- 
competence due to chronic right ventricular 
failure in 6 cases. Little evidence was found 
to implicate other pathogenic factors such as 
atrial wall disease; the mechanism by which 
some atria dilate so greatly remains obscure. 

In persons having enormous left atrial 


dilatation, the concomitant presence of right 
atrial dilatation is of small additional clinica 
significance, usually indicating a more ad- 
vanced state of heart disease with tricuspid 
valvular incompetency. 
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SUMMARIO IN INTERLINGUA 


Le aspectos clinic e pathologic de enorme 
dilatation ambi-atrial es presentate in un caso ¢ 
revidite in 9 casos trovate in le litteratura. 

Le dilatation sinistro-atrial esseve relationate 
con rheumatic insufficientia mitral e stenosis in 
8 casos, con traumatic insufficientia mitral pur 
in 1 caso, e con chronic pericarditis constrictive 
in 1 caso. Le minus marcate dilatation dextero- 
atrial esseva relationate con rheumatic insuf- 
ficientia tricuspide in 4 casos e con incompeten- 
tia tricuspide debite a chronic disfallimento 
dextero-ventricular in 6 casos. Pauc indicios 
esseva trovate pro le implication de altere 
factores pathogenic, como per exemplo morbo 
del pariete atrial. Le mechanismo per que certe 
atrios se dilata si grandemente remane obscur. 

In personas con enorme dilatation sinistro- 
atrial, le presentia concomitante de dilatation 
dextero-atrial es de pauc signification clinic ad- 
ditional e indica usualmente un plus avantiate 
stato de morbo cardiac con incompetentia del 
valvula tricuspide. 
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Adlersberg, D., Stricker, J.. and Himes, H.: Hazard of Corticotropin and Cortisone Therapy in 

Patients with Hypercholesteremia. J.A.M.A. 159: 1731 (Dec. 31), 1955. 

Thromboembolic phenomena may represent a serious complication of the use of corticotropin 
and cortisone. Such complications were observed in 5 patients with hypercholesteremia, idiopathic 
or secondary to other disease, suggesting a causal relationship between the pre-existing elevated 
serum cholesterol and the thromboembolic phenomena. Only 1 of these patients had clinically 
evident pre-existing cardiovascular disease. It is suggested that the hypercoagulability induced 
by the corticosteroids superimposed on the vascular disease that may be associated with this 
metabolic error, predisposes the individual to thromboembolic phenomena. Caution in the ad- 
ministration of steroid therapy to hypercholesteremic individuals is advised. The results in 1 of 
these cases suggests that prophylactic anticoagulant therapy may be helpful. 
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Myxedema Heart Disease 


By Joux D. Hamittron, M.D., ann W. F. GREENWoop, M.B. 


HE PATIENT was a 36-year-old housewife 

at the time of death. She was first admitted 
to the Toronto General Hospital in 1930, at the 
age of 14 years, with symptoms and signs of 
mild hyperthyroidism. At that time her eyes 
were prominent. Treatment consisted of radium 
packs to the thyroid area, followed by 10 
minims of Lugol’s iodine 3 times a day for 1 
month. A second course of radium packs was 
administered 2 months later. Her symptoms 
abated, only to recur within 6 months. This 
was usually the sequence of events with ra- 
dium pack therapy. Following thyroidectomy 
the patient felt well, and 1 year after her initial 
admission to hospital it was noted that her eyes 
were still prominent, but all signs and symp- 
toms of hyperthyroidism had gone. 

Early in 1932, because of poor appetite, 
fatigue, and dry skin, the patient was given 
desiccated thyroid,* 14 gr. per day. By 1935 
the dosage had been increased to 114 gr. per 
day. During the next 5 years, until 1940, the pa- 
tient took desiccated thyroid irregularly, at the 
most 14 gr. per day. The basal metabolic rate 
was done on several occasions during this time 
and varied from —10 per cent to —40 per cent. 

From 1940 to 1946 the patient felt well and 
had no symptoms of note, although she took 
thyroid only irregularly. Beginning in 1946, 
however, she began to tire easily and was short 
of breath on walking. At this time Dr. M. W. 
Johnston, who used to see her while shopping, 
noted that she had the appearance of myxe- 
dema. By November 1949 she could not lie 
flat in bed and said she was “‘swollen all over.” 
Her salt intake was restricted, and she was 
given digitalis and mercurial diuretics at home 
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twice weekly. Her edema and _ orthopnea 
cleared, but recurred in spite of continued 
treatment. In May 1950 she was admitted to 
another hospital and a diagnosis of rheumatic 
heart disease was made. Treatment consisted 
of a low-salt diet, digitalis, and Thiomerin. The 
basal metabolic rate was —18 per cent, serum 
protein 6.6 Gm. per cent, albumin/globulin 
4.38/2.28. Urinalysis showed a trace of albu- 
min, the hemoglobin was 93 per cent, and the 
erythrocyte sedimentation rate was 8 mm. The 
pulse was 70 to 80 per minute. Her edema 
cleared once again and she was discharged. 
In January 1951, she was admitted to the 
Toronto General Hospital with the same com- 
plaints of swelling of the abdomen, feet, and 
ankles. These swellings had recurred gradually, 
despite the fact that she had rested most of the 
time in bed and had continued on a low-salt 
diet. At this time the patient had the typical 
facies, coarse dry skin, and coarse dry hair of 
hypothyroidism. She also gave a history of in- 
tolerance to cold for years. Exophthalmos was 
still present, with periorbital edema, and there 
were radiation changes in the skin over the 
thyroid. There was massive edema to the level 
of the tenth thoracic spine and ascites. The 
chest was clear, but the heart was enlarged to 
the left and right, and showed very little 
movement under the fluoroscope. There was a 
questionable mitral presystolic murmur. The 
blood pressure was 98/80 and the pulse 72 per 
minute. The electrocardiogram showed low 
voltage and flat T waves (fig. 1). The basal 
metabolic rate was —26 per cent. Radioactive 
iodine uptake was 3 per cent, which is in the 
hypothyroid range. The serum protein-bound 
iodine was 1.2 wg. per 100 ml., the serum 
cholesterol 160 mg. per cent, and the total 
protein 7.6 Gm. per cent, with an albumin- 
globulin ratio of 4.8/2.8. During the first week 


Circulation, Volume XV, March 1957 





MYXEDEMA HEART DISEASE 443 


in the hospital therapy consisted of a low-salt 
diet (1 Gm.), Thiomerin 2 ml. weekly, am- 
monium chloride, digitalis, and bed _ rest. 
A>dominal paracentesis was done and 4.5 L. 
of fluid were removed. The patient’s body 
wight dropped from 159 Ib. to 127 Ib. on this 
regimen. Of this 32-lb. weight loss, the ascitic 
fliid removed accounted for only 10 lb. At the 
beginning of her second week in hospital, 
desiccated thyroid, 14 gr. per day, was given. 
The symptoms of myxedema subsided, her skin 
became moist, and her voice changed, but the 
most remarkable change was in her personality. 
From a lethargic and apathetic woman, she 
became quick and alert. After 1 month’s 
treatment with thyroid the supportive therapy 
was stopped, including digitalis, Thiomerin, 
ammonium chloride, and low-salt diet. Desic- 
cated thyroid, 14 gr. per day, was continued. 
Edema recurred, with a gain in weight of 10 Ib. 
Because there had been no reduction in heart 
size during the month of thyroid therapy, a 
pericardial tap was done but no fluid was ob- 
tained. The supportive therapy was re-estab- 
lished, with subsequent loss of edema. The 
patient was then discharged, much improved. 
Gradually the dosage of desiccated thyroid was 
increased from 14 gr. to 114 gr. per day. With 
an increase to 2 gr. a day the patient did not 
feel well, so the dose was maintained at 114 gr. 
An orthodiagram of the heart repeated on April 
17, 1951, 3 months after admission to hospital, 
revealed a transverse diameter of 13.5 cm., 
compared to the previous measurement of 18 
cm. The chest diameter was 23.5 cm. on both 
occasions (figs. 2 and 3). 


In May 1952, the patient was readmitted to 
the Toronto General Hospital, 5 months preg- 
nant. She said that she had had the best year 
of her life. She had done all her own housework 
and was without symptoms, although all 
treatment had been discontinued with the ex- 
ception of 114 gr. of thyroid daily. She had 
become pregnant and wanted a baby badly. 
However, she had developed breathlessness 
rather suddenly one night, and later some 
edema of the ankles. The serum cholesterol 
was 158 mg. per cent. The electrocardiogram 
was normal. She was treated with digitalis, 
Thiomerin, ferrous sulfate, and 1 gr. of thyroid 
daily. At this time the transverse diameter of 
the heart was still 13.5 cm. and the chest 23.1 
cm. She was discharged improved and read- 
mitted on July 3, 1952, to deliver spontaneously 
a 714-month live baby boy. No signs of cardiac 
failure were seen at this time. The basal 
metabolic rate was +13 per cent. She was 
discharged on July 8, 1952. 

She was readmitted on August 7, 1952, be- 
cause 3 days before she had developed right- 
sided pleuritic pain with cough and hemoptysis. 
On admission she was not in discomfort, had 
some dullness at the right base posteriorly with 
harsh breath sounds, a friction rub, and occa- 
sional rales. The liver was enlarged 1 hand- 
breadth below the costal margin. Pitting edema 
of ankles, thighs, and sacrum was present. 
A diagnosis of pulmonary infarction and 
congestive heart failure was made. 

Treatment consisted of 1-Gm. salt diet, 
neptal, digitalis leaf, ammonium chloride, and 


Fic. 1. Electrocardiogram January 1951. Low voltage and flat T waves. Standard leads I, II, and 
III form the vertical row on the left and precordial leads V;, V3, and Vi the vertical row on the right. 
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JAW. 1G, 1QS1- BEFORE TREaTmext 
WEART 106M. CHEST 236M. 


Fig. 2. Orthodiagram before treatment 


APAIL 17, 1QSi- AFTER TREATREKT 
WEART IBS CM. CHEST 235 Cm. 


Fic. 3. Orthodiagram after treatment 


Dicumarol. While on this therapy she began to 
bleed from the nose and to vomit blood. The 
prothrombin time was 38 seconds and a simul- 
taneous normal control was 14 seconds. Despite 
transfusions and vitamin K, she died, 1 month 
after her final admission. The final diagnoses 
were myxedema (treated); myxedema heart 
disease (treated); and pulmonary infarction, 
repeated. 


Autopsy REPORT 
Gross Examination 


The body was that of a well nourished white 
woman measuring 5 ft. 5 in. in length and weighing 
129 Ib. The only external feature of note was mod- 
erate edema of the legs, thighs, and sacrum. The 
right pleural cavity contained 300 ml. of pale fluid; 
there was none on the left side. The right lung 
weighed 515 Gm. and had an organizing fibrinous 
exudate over the lower lobe. Both lower and middle 
lobes were firm and partially collapsed. The poste- 
rior, lateral, and medial basal segments of the lower 
lobe were involved in a large, wedge-shaped, grey, 
recent infarct, surrounded by a zone of congestion. 
The branch of the pulmonary artery to the right 


lower lobe was occluded by a grey firm embolus. 
No old infarcts or scars suggestive of previous in- 
farction were seen. 

The heart weighed 500 Gm. Both right and le't 
atria were moderately dilated, and both ventriclis 
slightly dilated. The right ventricle measured 0.4 em. 
in thickness; the left, 1.4 em. The endocardiuin 
throughout was thin and transparent; all valves and 
valve cusps appeared normal. The myocardium wis 
also unremarkable, being a uniform red-brown in 
color. The coronary arteries were normal in calibcr 
and distribution, with a smooth intimal surface free 
of atheroma. Minimal atheroma only was noted jn 
the aorta. 

The liver was enlarged, weighing 2450 Gm., and 
congested. The spleen was also enlarged, weighing 
280 Gm. The kidneys were not remarkable except 
that in the left kidney there was an old infarct. The 
uterus was enlarged and soft, its wall measuring 
2 em. in thickness. The intestines contained altere:| 
blood, probably originating from the stomach, in 
which there were many punctate erosions. 

The brain was essentially normal and weighe: 
1280 Gm. 

The thyroid gland could not be clearly identified, 
but lying on the right side of the trachea, just below 
the thyroid cartilage, was a small oval fragment of 
greyish firm tissue, weighing 4 Gm. 

The adrenal glands together weighed 15 Gm. and 
were not remarkable. 

The pituitary was enlarged and weighed 1.0 Gm. 

The remaining organs and systems were not re- 
markable. 


Microscopic Examination 


The lungs revealed passive congestion and, in the 
right lower lobe, an infarct in which alveolar struc- 
ture could be identified, but not any cellular detail. 
The area of infarction in the kidney appeared con 
siderably older than that in the lung. 

The only findings of note in the heart were occa 
sional swollen vacuolated muscle fibers. In some of 
the vacuoles basophilic mucoid-appearing material 
could be seen. No areas of fibrosis or other change 
were noted. Individual muscle fibers were hyper 
trophied. 

The liver sinusoids were markedly distended and 
stuffed with blood. The liver cells showed fatty 
metamorphosis, but no necrosis. 

The tissue taken to be thyroid consisted of fibrous 
tissue containing a few acinar-like spaces lined by 
cuboidal epithelium. They did not contain colloid. 

The adrenal cortex and medulla appeared essen- 
tially normal. 

The pituitary enlargement was apparently due to 
an increase in chromophobe cells (Mann stain). 

Anatomic Diagnoses. Myxedema, treated; cardiac 
hypertrophy with mucoid vacuolation of muscle 
fibers; infarct of lung; and cardiac failure. 
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Discussion 

The immediate cause of death in this pa- 
tient was hemorrhage from the stomach, with 
congestive heart failure as a contributory cause. 
The finding in the heart of basophilic vacuola- 
tion of fibers is not specifically due to myxe- 
dema,' but may also be encountered in beriberi. 
A very occasional muscle fiber with similar 
mucoid vacuolation may be seen in an otherwise 
normal heart. The histochemical reactions of 
this material were not too revealing. It gave a 
positive periodic acid-Schiff reaction and 
stained with Best’s carmine stain. 

Nonetheless, it is reasonable to regard this 
mucoid change as histologic evidence of injury 
and to relate it to hypothyroidism. Support for 
this belief is found in the similar accumulations 
of mucoid material that may occur in skeletal 
muscle* and muscle of the bowel in myxedema, 
although such accumulations were not found 
in this case. It is of especial interest that this 
degenerative change was still evident in the 
heart at autopsy, although the patient had been 
receiving desiccated thyroid for some time 
before death. 

Other anatomic changes of myxedema were 
not encountered. The blood cholesterol was 
always within a normal range, and athero- 
sclerosis was minimal in the aorta and almost 
absent in the coronary arteries. The only vas- 
cular abnormality was thickening of basement 
membranes of capillary walls in skin and myo- 
cardium. We have noted this change in capil- 
laries* in myxedema before, but cannot relate it 
to therapy. Both treated and untreated cases 
show it. 

Question: Was not the development of 
myxedema in this patient very slow? 

Not unusually so. Apparently the effects of 
hormone deficiency may be cumulative. In this 
patient, judging by the basal metabolic rate, 
hormone deficiency became apparent prior to 
1935, and was inadequately treated for the 
next 5 years. It took another 9 to 10 years 
before the patient was incapacitated by her 
disease. This is not unduly remarkable. 

Question: What are the criteria for the diag- 
nosis of myxedema heart disease? Is it a com- 
mor complication of myxedema? 


Zondek,*: ® who first described the condition 
in 1918, as a specific entity, laid down the 
criteria of both right- and left-sided dilatation, 
usually associated with abnormalities of con- 
duction, and with a definite reduction in 
transverse diameter of the heart following ad- 
ministration of thyroid gland. These criteria 
are fulfilled by the present case, in which there 
was gross cardiac enlargement, to the right and 
left on x-ray examination, and the electrocar- 
diogram revealed low voltage and flat T waves. 
There was a reduction of 3.5 em. in transverse 
diameter of the heart after 3 months of hormone 
therapy. It is probable that 70 to 80 per cent of 
myxedematous patients have some evidence of 
cardiac involvement, usually in the form of 
electrocardiographic changes as described, and 
a slow pulse. Some degree of enlargement is 
not uncommon in acquired, adult myxedema, 
but gross involvement, as in the present case, 
is rare. It is of interest that myxedema heart 
disease is more common in the middle-aged 
patient than in the young adult group. In the 
former, the cause of the enlargement may be 
coronary sclerosis and its complications. 

This brings up the point of relationship of 
myxedema to coronary sclerosis. In 18 au- 
topsied cases! of myxedema in the files of the 
Toronto General Hospital between 1930 and 
1953, coronary sclerosis of moderate to marked 
degree occurred in 12 cases, but in 9 of these 
there was in addition essential hypertension. 
The remaining 6 cases had no hypertension and 
slight atherosclerosis. Such a series, although 
small, makes one question the relative impor- 
tance of hypertension, hypercholesterolemia, 
and myxedema in the development of coronary 
sclerosis. The evidence is suggestive that hy- 
pertension may be of greater importance in 
myxedema than any other single factor in en- 
hancing the development of atherosclerosis. In 
our endocrine clinic,’ approximately 25 per cent 
of the cases of myxedema also have hyper- 
tension. 

Question: What is the pathologic basis of the 
cardiac enlargement in myxedema? 

This is a controversial question, in a sense. 
Zondek,*: * considered the enlargement due to 
dilatation of all chambers, and remarked on the 
sluggish action of the cardiac silhouette, ‘a 
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lifeless, expressionless mask with deformed 
contour.” He considered the abnormality one of 
myocardium. In support of the concept that 
there is injury to myocardial muscle fibers is 
the finding of hypertrophy and mucoid vacuo- 
lation in them, as in the case under discussion. 
Edema of the stroma® and interstitial tissue 
may possibly contribute to the enlargement but 
the tremendous increase in size can only be 
explained on the basis of dilatation of all 
chambers, or pericardial effusion, or both. Re- 
cently, Kern and his associates? have em- 
phasized the importance of pericardial effusion 
as an early and important factor in the cardiac 
syndrome of myxedema. Certainly, regression 
of size of the heart under treatment with 
thyroid hormone could be just as readily ex- 
plained by resorption of excess pericardial fluid 
as it could by shortening of muscle fibers. 
In the present case there is certainly evidence 
of injury to the myocardium, still present at 
autopsy after 18 months’ treatment. The total 
pathologic change in the heart in the present 
case is indeed gross, the weight being 500 Gm., 
and the fibers on microscopic examination 
showing both hypertrophy and mucoid vacuo- 
lation. One could concede the possibility of 
regression of the mucoid accumulations, but 
shrinkage of hypertrophied fibers is more 
difficult to accept. 

Question: Was this patient’s edema due to 
congestive failure or to myxedema? 

It is difficult to say with certainty. At no 
time did this patient have jugular venous dis- 
tention, nor did she ever have rales at lung 
bases until her terminal illness of pulmonary 
infarction. And yet, ascites and edema of the 
lower extremities, extending at one time to the 
tenth thoracic spine, were present. There were 
no pleural effusions, and yet the patient was 
breathless and could not lie flat in bed. This 
swelling cleared considerably on treatment with 
digitalis, mercurial diuretics, and salt restric- 
tion. It cleared completely following the addi- 
tion of desiccated thyroid, 14 gr. daily. When, 
however, the supportive therapy, including the 
digitalis, mercurials, and salt restriction was 
withdrawn, edema recurred in spite of con- 
tinued administration of thyroid hormone. The 
dose of desiccated thyroid, 14 gr. daily, was 
small, and duration of treatment short, and it is 


possible that this may have influenced the 
response to withdrawal of the drugs. Later, 
when the dosage of thyroid was increased to 1!4 
gr. per day and supportive therapy stoppei, 
there was no recurrence of edema. It is also 
possible that the breathlessness and cardisc 
enlargement were both due to a_ pericardial 
effusion. Against this is the failure to obtain 
fluid the only time a pericardial tap was ai- 
tempted. Ascites could have been due to 
myxedema alone, and the peripheral edema the 
result of the ascites, and pericardial effusion, 
compressing systemic venous return. If there 
were an element of cardiac tamponade from a 
pericardial effusion, then one might have ex- 
pected some jugular venous distention. In 
conclusion, one might say that there is not 
conclusive evidence one way or the other, of 
congestive failure in this case. The edema, 
ascites, and increase in size of the heart shadow, 
could all be explained on the basis of accumula- 
tions of fluid due to myxedema alone. Ellis 
and his associates'® consider that there is an 
element of insufficiency in the cardiac enlarge- 
ment due to myxedema, and produce fairly 
convincing evidence to support their thesis. 

Question: Was replacement therapy adequate 
in this patient? 

From the clinical standpoint, there is no 
question that until this patient became preg- 
nant, an unusual occurrence in myxedema, 
therapy appeared adequate. The fact that she 
became pregnant is good evidence of adequate 
therapy. Physical signs of myxedema had dis- 
appeared, the basal metabolic rate had returned 
to normal, and the patient stated that she had 
had the best year of her life. This was on a 
dosage of 114 gr. of desiccated thyroid per day, 
sufficient to raise her protein-bound iodine to 
normal levels. However, this woman became 
pregnant, and the level of circulating thyroid 
hormone increases considerably in pregnancy.’ 
From this fact one may deduce that the need 
for hormone also increases. It is possible then, 
that she suffered some deficiency during her 
pregnancy. In support of this is the episode of 
peripheral edema and breathlessness during 
the fifth month. Here again, though, explana- 
tion of these symptoms is difficult. Were the 
due to left ventricular strain? The electrocar 
diogram at this time is reported normal. Ther 
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wis no change in the orthodiagram, the trans- 
verse diameter of the heart remaining at 13.5 
en:., and neither basal rales nor jugular venous 
di-tention were noted. On looking back, one 
muy suggest that this was the first attack of 
pulmonary embolism. As the patient suffered 
ony a brief and transient episode of what may 

called failure at this time, there would not 

-essarily be any pathologic sequelae because 

monary embolism will only produce death of 
issue in the presence of congestive failure. At 

topsy there were no scars or other changes 
recognizable as evidence of infarction some 3 
onths previously. 

If these symptoms were due to a recrudes- 
cence of her myxedema, one might have ex- 
pected them to increase during the latter part 
of her course, or persist, as there would not be 
any appreciable reduction in tissue demand for 
hormone, and the dose was not increased. 
However, they did not persist. In further 
support of the adequacy of therapy from the 
clinical standpoint is the basal metabolic rate 
of plus 13 per cent, 1 week before delivery of a 
normal premature infant. Similarly, if the 
symptoms were due to heart failure, one might 
have expected some evidence of insufficiency 
later on; but none was found until the onset of 
pulmonary infarction. 

The autopsy findings do not resolve the 
problems in this case; either the question of 
congestive failure vs. myxedema, or the ques- 
tion of adequate hormone replacement. ther- 
apy. The tragic terminal complication of pul- 
monary embolism and infarction did cause an 
acute cor pulmonale, with peripheral edema 
and congestion of viscera. The changes in the 
viscera, however, were those of an acute con- 
gestion, with no evidence of earlier chronic 
passive congestion of either liver or spleen. It 
was only during this terminal illness that 
jugular venous distention was noted. 

The only evidences of myxedema at autopsy 
were the changes in the heart and pituitary. 
Interpretation of these changes is again open to 
question. One may say that the mucoid change 
i) myocardial fibers is evidence of inadequate 
hormone therapy; in support of this view are 
the clinical observations that in myxedema the 
lianifestations vary, not only from one patient 
to another, but also from one tissue to another 


in one and the same patient. Hence an amount 
of hormone sufficient to restore the skin and 
connective tissues to normal may be inadequate 
to restore the metabolism of myocardial fibers. 
Persistent mucoid material in heart muscle may 
support this hypothesis. On the other hand, 
there is no proof of the reversibility of the 
mucoid change in muscle. The increased thick- 
ness of capillary walls, as seen in this case, 
cannot be related to the adequacy of therapy, 
as pointed out above. 

In the pituitary, the increase in number of 
cells, as evidenced by an increase in weight to 1 
Gm., can only be partly explained by the recent 
pregnancy. Histologic examination revealed an 
increase in chromophobe cells containing large 
numbers of small PAS-positive vesicles. This 
is a common finding in hypothyroidism, espe- 
cially when replacement therapy has been 
inadequate. However, in myxedema of long 
duration before the institution of hormone 
therapy, some of the pituitary enlargement and 
cellular increase appears to be irreversible, and 
this may be the explanation in the case under 
discussion.!° 
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CLINICAL PROGRESS 


Velocity of Blood Flow in Health and Disease 


By Leste E. Morris, M.D., ANp Herrman L. BiumGart, M.D. 


HE circulation time is the shortest time 

taken by an injected substance to travel 
through the circulatory system to a designated 
site where it produces its characteristic physio- 
logic or physical response." 

In recent years, the measurement of the cir- 
culation time has been employed widely in the 
diagnosis of cardiac disease and in the evalua- 
tion of cardiac function. Modern methods of 
estimating the velocity of blood flow are both 
simple and safe. Consequently, an imposing 
volume of data has accumulated during the 
past 3 decades that substantially has increased 
our knowledge. 

The purpose of this communication is to re- 
view the more important advances in the 
measurement of the circulation time and in the 
understanding of its significance. 


Historica, REvIEw 


Harvey’s? discovery in 1628 that blood moves in 
a circuit first awakened interest in the problem of 
the velocity of blood flow. More than a century 
passed, however, before the next significant con- 
tribution was made in this field. In 1733, Stephen 
Hales* computed the velocity of blood flow in the 
aorta of the horse. This he did by estimating the 
capacity of the left ventricle, measuring the diam- 
eter of the base of the aorta, and measuring the 
pulse rate. 

In 1827, Eduard Hering‘ measured the velocity 
of blood flow in horses by injecting a solution of 
potassium ferricyanide at the right external jugular 
vein, and determining its time of arrival at the left 
jugular vein by testing samples of blood for prussian 
blue. Various modifications of Hering’s method 
were introduced during the next century. Vierordté 
developed a more efficient means of collecting the 
blood samples and Hermann and Heinz® experi- 
mented with other chemical substances. 


From the Department of Medicine, Harvard 
Medical School, and the Department of Medical 
Research, Beth Israel Hospital, Boston, Mass. 

This work was aided by a fellowship from the Mas- 
sachusetts Heart Association. 


The introduction of flow-measuring devices into 
blood vessels first was attempted by Volkmann in 
1850, and in the latter part of the nineteenth century 
by Cybulski and Frank. These methods were cru:le 
and the results difficult to interpret accurately? 
In 1892 Meyer® used blood containing metheno- 
globin as a test substance in animals and determined 
its time of arrival by spectroscopy. 

A notable advance appeared in 1893 > when 
Stewart’ introduced methods that obviated the 
collection of samples from an opened blood vessel. 
He injected hypertonic saline solution into a jugular 
vein and recorded its arrival at other points in the 
vascular circuit. By placing a blood vessel between 
2 nonpolarizable electrodes, he detected a change 
in the electric conductivity of the vessel when the 
injected material arrived. He also used methylene 
blue, observing by transillumination the time at 
which the dye appeared in the common carotid 
artery. 

The injection of peptone solution into the femoral 
artery was employed by Nolf® in 1902. He accepted 
the interval between the local and general lowering 
of blood pressure as the minimal circulation time 
of the animal. The marked alteration in hemody- 
namics produced by such measures obviously 
vitiated his results. 

In 1906 Heinz? measured the circulation time of 
horses and dogs by injecting into their jugular 
veins lethal doses of strychnine or potassium nitrate. 
He estimated that the time elapsing between the 
injection and the death of the animal represented 
the circulation time. 

Steinhaus (1907), Langlois and Desbouis (1912), 
Romm (1924), and Mendolesi (1925) suggested 
improvements of Stewart’s electric method.® Most 
of these were extremely ingenious, but impractical. 

In 1912, Bornstein’ described a method for 
measuring the circulation time in man by the 
inhalation of a mixture of carbon dioxide and air. 
The moment of first deep inspiration was considered 
the end point. The average lung-to-medulla time 
in normal individuals was 12 seconds. 

Another clinical circulation time method was 
suggested in 1922 by Koch." He injected a solution 
of fluorescein into one antecubital vein and collected 
blood samples from the other at 5-second intervals. 
The formation of clots and the alteration of flow 
by the introduction of a needle for collecting samplcs 
interfered with the trustworthiness of such 4 
method. 
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A simple means of estimating the velocity of 
00d flow in animals was devised by Loevenhart 
wad his associates” in 1922. They showed that small 

ses of sodium cyanide could be employed with 

fety and that a characteristic alteration in depth 

respiration consistently signaled the end point. 

‘The arm-to-carotid sinus circulation time thereby 
4s measured. 

Using radium C, the active deposit of radium 

ianation as the test substance, Blumgart and his 
i -sociates’3-2° measured the circulation time in 
pormal subjects and in a wide variety of pathologic 
siates. These studies, begun in 1924, were among 
tie earliest to utilize radioactive materials as bio- 
logical tracers. After injection of a minute amount 
o: sodium chloride solution containing radium C, 
the times of arrival of the active deposit in the right 
ciambers of the heart and in the arteries about the 
elbow of the arm were detected by suitably placed 
Geiger counting chambers and were automatically 
registered on paper tape. The arm-to-heart and 
pulmonary circulation times thereby were measured. 

In the following years, many other methods were 
devised and reported. Of particular interest were 
the contributions of Winternitz and co-workers?® 
and Hitzig,2” who introduced Decholin and ether, 
respectively, for the measurement of the circulation 
time. Several other excellent methods in current 
use are discussed below. 


‘THEORETICAL PHYSICS OF THE VELOCITY OF 
BLoop FLOW AND THE SIGNIFICANCE 
OF THE “CIRCULATION TIME” 


The fundamental characteristics in a hy- 
draulic system that determine the velocity of 
flow are, of course, well known. The mean 
velocity of a stream through a rigid tube is 
directly proportional to its cross-sectional area 
and the difference in pressure from point to 
point. These relations have been expressed by 
(P = P»)r? 

8L T ’ 
where P; — P2 is equal to the difference in 
pressure, r is the radius of the tube, L is the 
length of the tube and N is the coefficient of 
viscosity. Formulation of the factors by such a 
lav is valuable in focusing attention on the 
determinants of velocity, but the futility of 
exact application of such a law to biological 
phenomena becomes apparent when one con- 
siders the constant flux of circumstances within 
the body. The peripheral vascular bed is con- 
stantly varying, not only because of the deli- 
cite flexibility of the vasomotor arteriolar 
control, but also because, as Krogh and as Rich- 


Poiseuille’s Law with the formula 


ards have shown, certain capillaries may tem- 
porarily close. It must, moreover, be borne in 
mind that a certain change, such as peripheral 
vasodilatation, may influence the velocity of 
flow simultaneously in 2 opposing directions. 
The velocity of flow varies inversely as the 
resistance; therefore, vasodilatation by lower- 
ing the resistance tends to increase the velocity. 
On the other hand, vasodilatation by increasing 
the cross-sectional area of the flowing stream 
tends to decrease the velocity. Many continu- 
ally varying relationships like these serve 
thoroughly to confuse theoretical calculations. 

For the study of the velocity of blood flow in 
animals or man, direct measurements there- 
fore must be made. Direct methods can be 
only approximations, however, because of 
what may be termed the ‘‘stringing-out effect.” 
By the time the test substance reaches the site 
at which the time of arrival is ascertained, con- 
siderable dilution has occurred. This dilution 
results from several factors. The innumerable 
vessels in the body are constantly changing in 
size and elasticity. There is considerable tur- 
bulence of the blood stream due to the faster 
movement of the axial portion of the flowing 
stream and due to the tortuous course with 
many branchings and changes in caliber of 
arteries, arterioles, capillaries, venules, and 
veins. Moreover, with every heartbeat discon- 
tinuous pulsatile waves are produced with out- 
ward expansion and inward vibratory rebound 
of the arteries and by variable respiratory 
changes in pressure in the veins. Because of 
these many influences, the concentration of the 
first portion of the test substance is greatly 
diluted and is often below what can be de- 
tected by the end organ or by the detecting 
device. An error of several seconds is readily 
produced thereby. Very sensitive methods 
employing radioactive substances probably 
have the least error. 

The “circulation time” measures the veloc- 
ity of blood flow in a given segment of the 
circulation. The arm-to-tongue, arm-to-face, 
arm-to-carotid sinus, or arm-to-medulla time 
measures the circulation time in the veins of the 
arm, the superior vena cava, the right heart, 
the lungs, the left heart, and a short arterial 
segment. The arm-to-lung time measures the 
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circulation time in the veins of the arm, the 
superior vena cava, the right heart, and the 
pulmonary arterial segment. Various other 
pathways such as arm-to-perineum and arm- 
to-foot have been studied. 

Obviously the circulation time is the sum 
of the times during which the test substance 
traverses the successive segments of a given 
pathway. Factors that influence one or more 
of the segments are reflected in the total circu- 
lation time. A reduction of blood velocity in 
one segment therefore could readily be counter- 
balanced by an increase of velocity in another 
portion of the pathway. 

Physical obstruction (e.g., mediastinal tu- 
mor) to the entry of blood into the superior 
vena cava would tend to lengthen the circula- 
tion time. Although an elevated venous pres- 
sure per se does not alter the circulation time,” 
the consequent venous distention with the 
increased cross-section area of the flowing 
stream tends to slow the velocity of blood flow. 

In the heart, a number of factors influence 
the circulation time. Congenital cardiac anom- 
alies with a significant right-to-left shunt 
usually produce a short circulation time. A 
decrease in cardiac output tends to lengthen 
the circulation time, congestive heart failure 
being the best example. A heart that is expel- 
ling a greatly increased volume of blood gener- 
ally is associated with a swift velocity of blood 
flow (short circulation time).?°: °° 

The size of the heart is regarded by many to 
influence greatly the circulation time.*°-** The 
prolonged circulation time in patients with 
cardiac enlargement has been ascribed to ex- 
cessive dilution of the test substance by the 
increased residual blood in the dilated heart.* 
It is difficult however to visualize sufficient 
intracardiac stagnation to account for the 
prolonged circulation time in a heart that is 
beating 80 to 120 times a minute and expelling 
liters of blood during this time.** The correla- 
tion between cardiac dilatation and increased 
circulation time probably represents associa- 
tion more than an etiologic relationship. Cir- 
culation times in the high normal range have 
been recorded in patients with enormous 
hearts.” 

In isolated right ventricular failure, the 
velocity of blood flow from arm-to-lung is re- 


tarded, whereas the speed of flow from luny 
to tongue is relatively unimpaired.** Isolate! 
left ventricular failure is suggested by a rela- 
tively normal arm-to-lung circulation time 
with a prolonged lung-to-tongue time.*’-* 

Abnormalities of the great vessels, e.g 
truncus arteriosus and patent ductus arteric- 
sus with reversed flow, frequently produc: 
rapid circulation times. On the other hand, 
left-to-right shunts in the great vessels may 
occasionally delay the arrival of an effectiv: 
concentration of the test substance at the r 
ceptor organ. 

Diseases of the lung may influence the veloc- 
ity of blood flow. Pulmonary disease that has 
not produced secondary cardiac changes or 
compensatory polycythemia seldom causes 
prolongation of the circulation time.'*: *% “ 
The latter is normal or slightly accelerated in 
a variety of lung diseases. The acceleration, 
when present, is due presumably to compen- 
satory increase in cardiac output. The addi- 
tion of pulmonary congestion to a patient 
already compromised by a reduced cardiac 
output causes further lengthening of the circula- 
tion time because of the increased cross-sectional 
diameter of the stream of blood flowing 
through the lungs.“'-* Pulmonary arteriove- 
nous fistulae shorten the circulation time. 

After leaving the left ventricle, the test sub- 
stance must traverse the arterial segment be- 
fore arriving at the reaction site. Mention has 
already been made of left-to-right shunts in 
the great vessels. Obstructions of the thoracic 
or abdominal aorta may severely impede blood 
flow and produce an abnormally long circula- 
tion time. In coarctation of the aorta the arm- 
to-tongue time frequently is normal but the 
arm-to-leg time is prolonged. 

Lastly, inaccuracies may arise at the recep- 
tor site because the end point depends upon 
subjective sensations. For example, impaired 
taste,“* whatever the cause, may result in an 
abnormally long circulation time when Decho- 
lin or saccharin is used. A clouded sensorium 
similarly can vitiate a subjective end point. 

Extrinsic factors may influence the circula- 
tion time markedly. 

Age. The velocity of blood flow is somewhat 
rapid in childhood." A slower circulation time” 
with increasing age has been reported althoug) 
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some observers have failed to corroborate this 
oservation.*® 47 

Emotion. Apprehension and anxiety by in- 
creasing cardiac output tend to shorten the 
circulation time.*!: 

Position of the Patient. Several studies have 
been carried out to determine the influence of 
posture upon the velocity of blood flow in man 
with extremely variable conclusions.*-* In a 
recent report“ no alteration in circulation time 
was noted in patients in whom the test was 
carried out both in the vertical and horizontal 
positions. 

Basal State. Formerly it was thought neces- 
sary to perform the circulation time test under 
rigid basal metabolic conditions.“ Although 
this no longer applies, care is taken to insure 
that the subject has not eaten for at least 3 
hours,®** nor exercised within 1 hour of the per- 
formance of the test.?6 4!» 55 

Dose of Injected Material. Convincing evi- 
dence demonstrates that the circulation time 
may be shortened by increasing the dose of the 
test substance. With smaller doses, the dilution 
in the blood stream leads to low concentrations 
of the oncoming head of the material that are 
not detectable. Once the optimal dose is 
reached, further increase fails to produce fur- 
ther reduction of circulation time. The wide 
scatter and high range of ‘‘normal”’ values may 
be due in large part to this fact.“* The optimal 
dosage of test substances varies widely in dif- 
ferent individuals. Ideally, the correct dose 
should first be discovered empirically before 
recording the circulation time in a given sub- 
ject. 

Volume of Injected Material. A substantial 
increase“ in the volume of injected material 
shortens the circulation time by a few seconds. 

Rate of Injection. Most of the methods in 
common use advocate very rapid injection of 
the test drug. Obviously, an unusually slow 
injection would give a falsely prolonged circu- 
lation time. 


CRITERIA FOR AN IDEAL SUBSTANCE 
FOR MEASURING CIRCULATION 
TIME IN Man 


Che following requirements should be met by 
any substance used to measure circulation time 
in man. 
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. It must not be toxic in the amounts uti- 
lized. 

2. It should not be present previously in the 
body in amounts that would interfere 
with the test. 

3. It must not in any way disturb the very 
phenomena under investigation. 

4. It should disappear from the body quickly 
enough to permit repeated measure- 
ments. 

5. It must be readily detectable in relatively 
minute amounts. 

6. It must be readily detectable by objective 

methods. 

. These objective methods must not involve 
the use of complicated, bulky, or ex- 
pensive apparatus. 

An ideal substance has not yet been discovered. 


~I 


SUBSTANCES USED FOR CIRCULATION 
TimE MEASUREMENTS AND NORMAL 
VALUES OBTAINED 


These are tabulated under the name of the 
test substance utilized. 

Aminophyllin (Theophylline ethylene dia- 
mine).°® One milliliter of solution containing 
0.24 Gm. of aminophyllin is injected rapidly 
into an antecubital vein. The end point is a 
marked increase in the depth of respiration. 
Normal circulation times vary from 6.8 to 
22.0 seconds with an average of 12.1 seconds.” 
Characteristic reactions to this test are transi- 
ent dizziness, flushing, and hyperpnea, disap- 
pearing within a few minutes, and vomiting and 
severe hypotension. Emotional upsets in neu- 
rotic subjects have been reported after re- 
ceiving aminophyllin intravenously.” 

Amyl Nitrite. The patient inspires deeply 4 
minims of amyl nitrite, the end point being a 
sensation of heat in the face. The lung-to-face 
circulation time in normal subjects varies be- 
tween 14 and 25 seconds, the average being 19.5 
seconds.** In the majority of cases in which this 
method was used, the heart rate increased 40 to 
50 beats per minute. Any method that alters 
circulatory dynamics must be regarded as of 
doubtful value. Moreover, dizziness, flushing of 
the face, and lacrimation were fairly frequent 
sequelae. 

Calcium Gluconate. Two and a half milliliters 
of a 20 per cent solution of calcium gluconate* 
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are injected into an antecubital vein. A hot 
sensation in the pharynx signifies the end point. 
The circulation time in normal individuals 
varies between 10 and 16 seconds, with an 
average value of 12.5 seconds. 

It is reported that calcium gluconate pro- 
duces inaccurate results when used in patients 
with congestive heart failure.*” Although the 
intravenous administration of calcium salts to a 
patient receiving digitalis is usually innocu- 
ous®®: 5° an element of danger exists.®°: ® Many 
patients in whom circulation time tests are 
varried out are digitalized. Furthermore, the 
intravenous injection of 10 ml. of 20 per cent 
calcium gluconate produced changes in the 
electrocardiograms of 26 normal individuals.® 
A much smaller dose of calcium chloride ad- 
ministered intravenously to a British physician 
produced cardiac and respiratory arrest.® For- 
tunately, he recovered and laconically reported 
that ‘‘no residual effects were noted.” A prep- 
aration containing calcium gluconate, magne- 
sium sulfate, and copper sulfate dissolved in 
saline has been reported favorably by some in- 
vestigators.”*: . 64 

Carbon Dioxide. A modification of Bornstein’s 
method was introduced in 1939. The patient 
inhales a 50 per cent mixture of carbon dioxide 
and air, the end point being a feeling of warmth 
in the head and rapid and deep respiration. 
Normal values range from 5 to 10 seconds. This 
simple and apparently harmless procedure ap- 
pears to enjoy little popularity. 

Sodium Cyanide. This test is performed by 
injecting intravenously 0.25 to 0.50 ml. of a 
2 per cent solution of sodium cyanide. The 
sharp end point is indicated by a gasp or a 
cough. The average circulation time is 15.6 
seconds with normal values ranging from 9 to 
21 seconds.** Unfortunately, in dyspneic pa- 
tients the end point may be difficult to observe.! 
The side effect of vomiting is very rarely en- 
countered.” The possible hazard of the test has 

prevented widespread use. 

Decholin (sodium dehydrocholate). This is the 
most widely used method of estimating the 
circulation time in man, no doubt due to its 
simplicity, safety, and clear end point. Five 
milliliters of 20 per cent Decholin solution are 
quickly injected intravenously, the end point 


being a bitter taste in the tongue. Values of 8 t« 
17 seconds may be considered within norma! 
range.?* ® Three deaths have occurred follow 
ing the intravenous administration of sodiun 
dehydrocholate.”: 7° In addition, a substantia 
number of unpleasant reactions to this dru: 
have been reported.”-7> These have include 
gastrointestinal disturbances, cardiac arrhyth 
mias, shock, respiratory embarrassments, an: 
hypersensitivity states. 

Ether. This substance is extensively em 
ployed for the measurement of the arm-to-lun. 
circulation time.”’: 36 8.76 A mixture of 5 min 
ims of ether and 3 minims of normal saline is 
injected rapidly into an antecubital vein. The 
end point is recorded when the patient firs: 
smells ether. An observer in a position close t» 
the subject can perceive the ether odor almosi 
as rapidly as the patient. The normal arm-to- 
lung time varies from 3.5 to 8.0 seconds with an 
average of 5.4 seconds. About 25 per cent of 
patients complain of transient pain along the 
course of the vein, and venous thrombosis is 
not an infrequent complication.” Sudden death 
has been reported.” 

Fluorescein. Several modifications of Koch’s 
method have been suggested in recent 
years.*®, 78, 79. 89 Al] require a darkened room 
and some type of ultraviolet light to excite 
fluorescence. One simple method consists in the 
injection of 3 ml. of 15 per cent sodium fluores- 
cein intravenously and the determination of 
the onset of fluorescence of the tongue under 
ultraviolet light.*° Fluorescein produces nausea 
and vomiting in a small percentage of patients. 
Burning on urination occasionally is encoun- 
tered. 

Histamine. This method utilizes the intra- 
venous injection of 0.001 mg. or less of hista- 
mine phosphate per kilogram of body weight. A 
marked flushing of the face denotes the end 
point. Normal circulation times vary between 
13 and 30 seconds with a mean of 23 seconds." 
This test cannot be used in Negroes or very 
anemic patients. In one series, headache was 
experienced in 25 per cent of the subjects 
tested .®* Severe reactions and 1 death have heen 
attributed to this substance.®: * 

Lobeline. Three to 6 mg. of alpha-lobeline are 
injected rapidly; a cough or tickling in the 
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throat signals the end point. The average nor- 
mal circulation time is considered to be be- 
tween 10.3 and 13.4 seconds. A few patients 
hive developed moderate dyspnea during the 
test, vomiting is encountered rarely.** Alpha- 
lcbeline has been described as having “em- 
piatically disadvantageous effects on the heart 
aid circulation’ and being ‘‘a pharmacologi- 
colly active alkaloid with an unclear seat of 
ation and unpleasant side reactions.’”! 

Magnesium Sulfate. Six milliliters of a 10 per 
cont solution of magnesium sulfate are injected; 
a feeling of sudden heat in the pharynx indi- 
cates the end point. Normal values range from 
7.0 to 17.8 seconds, with an average of 12.9 
seconds. In 1 report,’® 579 magnesium sulfate 
circulation times were carried out in 274 pa- 
tients without evidence of toxicity. Many 
hypertensive and some normotensive individ- 
uals showed a marked drop of systolic and 
diastolic pressures immediately after injection. 
However, circulation times repeated within 2 to 
3 minutes in these patients showed satisfactory 
duplicate values. 

Papaverine. Forty milligrams of papaverine 
hydrochloride are administered intravenously. 
The end point is a sudden deep inspiration. The 
range of normal values is from 15.4 to 27.0 
seconds, the average circulation time is 20.8 
seconds.’ Frequent side effects are a sensation 
of throbbing in the temples and mild dizziness; 
a less frequent occurrence is tachycardia. In 
one series, papaverine failed to produce satis- 
factory end points in the majority of patients in 
whom it was used.®§ 

Paraldehyde. This is an arm-to-lung method. 
Rapid intravenous injection of 1.4 ml. of paral- 
dehyde produces the end point of a sharp cough. 
The normal range is 3.0 to 9.5 seconds, the 
calculated mean is approximately 6.0 seconds. 
The disadvantages are (1) transitory dizziness, 
which may take several minutes to pass away; 
(2) rarely, complete hypnosis for a few minutes; 
(3) cough usually lasting for 1 to 3 minutes; 
(4) venous thrombosis and pulmonary embolus 
that occasionally follow its use. 

Radium C. A cloud chamber or Geiger- 
Mueller counter for detecting the test sub- 
stance at the receptor area and lead shields are 
required for this test. One to 10 mc. of radium 


C are injected into an antecubital vein and the 
end point is determined by the appearance of 
characteristic tracks in the cloud chamber 
placed over the other antecubital fossa.? The 
values to be expected in normal individuals are 
14 to 24 seconds, averaging 18 seconds.'* No 
toxic effects resulted from the use of this 
material in several hundred patients. Unfortu- 
nately, this method requires the use of expen- 
sive and complicated apparatus. These factors 
have limited its widespread adoption. 

Saccharin. This is one of the simpler methods. 
Four milliliters of solution containing 2.5 Gm. 
of saccharin are injected intravenously. The 
end point is signaled when the patient suddenly 
experiences a sweet taste.” °° Normal values 
range from 9 to 16 seconds with an average of 
12 seconds. A careful search of the literature 
has uncovered only a single report of compli- 
cations following a saccharin circulation time; 
paravenous injection resulted in the develop- 
ment of an abscess in the arm of a young 
woman.” 

Radioactive Sodium. This method has been 
advocated especially for measuring the circula- 
tion time in children. A dose of 2 to 5 uc. of 
radioactive sodium per Kg. of body weight is 
injected into an antecubital vein of one arm. 
The end point is detected by a Geiger counter 
held close to the other hand. Normal values for 
children between 2 and 12 years are 5 to 17 
seconds with the average of 11 seconds.”! This 
test material must be produced by cyclotron 
bombardment and is therefore not generally 
available. The gamma rays produced by it are 
highly penetrating and present problems in 
adequate shielding of the detector. 

Thiamine. The intravenous injection of 300 
mg. of thiamine hydrochloride produces a 
nutlike taste and smell. This end point nor- 
mally occurs within 5 to 13 seconds after the 
beginning of the injection.*> The parenteral 
administration of thiamine hydrochloride occa- 
sionally may produce severe hypersensitivity 
reactions.-*> Sudden death has followed the 
intravenous injection of 100 mg. of this drug.%¢ 

Less Common Substances. In addition to the 
substances listed above the following drugs also 
have been used to determine the velocity of 
blood flow in man: acetylene,* allyl sulfide,’ 
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benzyl acetate,’® brilliant vital red, ethyl io- 
dide,” guaiacol,” methyl salicylate,’* niketh- 
amide,®* perfumes,’® sodium cacodylate,’ stron- 
tium bromide,* and radioactive thorium.” 


TECHNIC OF MEASURING CIRCULATION TIME 


Circulation time measurements should pref- 
erably be performed under standard conditions, 
particularly if a series of tests is to be done on 
different days for comparative purposes. The 
patient should be recumbent and at rest for 30 
minutes prior to the test and should have eaten 
no food for at least 3 hours. He should be told 
exactly what he is about to experience and 
every effort should be directed toward allaying 
his anxiety. He is instructed to say “‘now’’ the 
moment he experiences the first unusual sensa- 
tion, be it a hot sensation in the pharynx, a 
bitter or sweet taste on the tongue, etc. 

With the patient lying comfortably supine in 
bed or on a couch, one arm is abducted to 
about 45 degrees and is supported on a firm 
pillow. The antecubital fossa should be approx- 
imately at the level of the right atrium. If the 
subject is orthopneic, he is permitted to sit 
upright supported on pillows. An 18- or 19- 
gage needle is securely attached to a syringe 
containing the correct dose of the test sub- 
stance. Where the method permits, a double 
dose of the substance is drawn into the syringe, 
making a change of syringes unnecessary. The 
needle is introduced into an antecubital vein in 
the usual manner. An interval of at least 15 
seconds must elapse from the release of the 
tourniquet before the start of the injection. A 
single dose of solution is injected as rapidly as 
possible, usually in 1 to 2 seconds. An assistant 
starts a stopwatch at the commencement of 
injection and stops it promptly when the pa- 
tient says “now.” If no assistant is available, 
the operator starts the watch and places it in a 

convenient position. He waits until the second 
hand reaches the zero mark and then injects the 
test material. Observing the watch carefully, 
he notes the exact time at which the patient 
signals his reaction. Where applicable, the test 
is repeated within a couple of minutes without 
disturbing the needle in the vein. If an objective 
method is utilized, the aid of an assistant is 
usually essential. 

Choice of Method. We have already stated 


that an ideal substance for measuring the cir- 
culation time has not yet been discovered. The 
principal criterion for a method is that it 
should be free from toxic side effects. Obviously, 
many of the patients in whom one wishes to 
perform circulation times are suffering from 
cardiovascular embarrassment. An untoward 
reaction in such a patient could have very 
serious consequences. 

We believe that the saccharin method is one 
of the most desirable.*® The end point is cle:r 
and not unpleasant for the patient. Saccharin js 
very soluble so that only a small quantity of 
solution is required. Furthermore, the test may 
be repeated within a few minutes with a sharp 
end point. Venous thrombosis at the site of 
injection occurs occasionally and one instance 
of abscess after paravenous injection has been 
reported.” The important fact is that no gen- 
eralized reactions have been recorded following 
the use of this drug. 

Where an objective method is indicated, one 
utilizing fluorescein appears to be preferable. 
There are several variations but that of Lubic 
and Sissman*® probably is the simplest. In this 
technic, the end point is signaled by the sudden 
fluorescence of the tongue under ultraviolet 
light. However, it is necessary to perform this 
test on several occasions before one becomes 
skilled in timing the first appearance of fluores- 
cence at the tip of the tongue. 

In institutions where the necessary apparatus 
is available, radium C’ or radioactive sodium" 
may be recommended, especially when ex- 
tremely accurate results are desired. 

Undoubtedly, Decholin will continue to en- 
joy wide popularity. Possibly the reason more 
untoward reactions to this drug have been 
reported than with any other substances used 
for circulation time determinations is that it is 
by far the most commonly employed. Never- 
theless, 3 deaths®:” have occurred shortly 
after the intravenous injection of sodium dehy- 
drocholate and several alarming reactions also 
have been reported.”: 72-75 For the arm-to-lung 
circulation time, ether is preferable to paralde- 
hyde. 


CIRCULATION TIME IN VARIOUS DISEASES 


Congestive Heart Failure. The distincticn 
between low and high output failure must be 
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kept in mind. In the former, the circulation 
time tends to be prolonged; in the latter, it is 
within the usual normal limits or is somewhat 
shortened. The lengthened circulation time in 
low output failure is a reflection of myocardial 
jsufficiency irrespective of its etiology. 

In those conditions such as thyrotoxicosis or 
beriberi heart disease, in which high output 
fuilure tends to develop, the velocity of blood 
flow is increased and the circulation time is 
shorter than normal. With the development of 
cardiac failure the blood flow is slowed but 
usually not enough to produce a circulation 
time longer than normal. 

Right and Left Heart Failure. The circulation 
time is of little value in diagnosing preponder- 
antly right ventricular failure such as cor pul- 
monale. The characteristic findings are reported 
as being a prolonged arm-to-lung time with a 
relatively normal lung-to-tongue time.** How- 
ever, normal arm-to-lung times were found in 
34 patients suffering from general heart 
failure with presumably right and left heart 
failure.*7 Moreover, typical circulatory findings 
were not present in 2 patients with primary 
pulmonary hypertension who exhibited the 
purest form of isolated right heart failure.!° 

Isolated failure of the left ventricle may be 
suspected when a normal arm-to-lung time is 
found in association with a lengthened lung-to- 
tongue time. 

Congenital Heart Disease. Circulation time 
measurements have been used to differentiate 
certain types of congenital heart disease.!!» 10 
In atrial or ventricular septal defects with left- 
to-right shunts, the circulation time remains 
within the normal range. In the cyanotic group 
with a large proportion of blood passing directly 
from the right ventricle into the aorta, the cir- 
culation time is shortened.!% But when marked 
polycythemia is present, the circulation time 
may be normal.'* In pure pulmonic stenosis, in 
Lutembacher’s syndrome, and in patent ductus 
arteriosus there is no alteration in the circula- 
tion time.’ When a right-to-left shunt is sus- 
pected, ether must be used with extreme 
caution, if at all.!% In some clinics, circulation 
tiine measurements are rarely employed. It 


is considered that in those cases that would 
show abnormal circulation times, other more 
direct. diagnostic signs are clearly evident. 
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Pericarditis. Although the cardiac output is 
decreased in chronic constrictive pericarditis, 
the Decholin circulation time is not unduly 
prolonged. Stewart and associates’ reported 
6 patients with this disease who were carefully 
evaluated both before and after surgery. No 
correlation was demonstrated between the car- 
diac output and the circulation time. In mas- 
sive pericardial effusion without congestive 
failure, the circulation time usually is within 
normal limits. This clinical test has been used 
to differentiate between the enlarged cardiac 
silhouettes of pericardial effusion and cardiac 
dilatation due to congestive heart failure. 

Pulmonary Emphysema. Severe chronic pul- 
monary emphysema does not necessarily ob- 
struct the circulation sufficiently to interfere 
with the normal velocity of blood flow through 
the lungs. On the contrary, in some patients 
with emphysema the velocity of blood flow is 
increased. This increase may reflect a compen- 
satory response of the circulatory system to 
deficient pulmonary ventilation. In a recent 
study of 25 patients with uncomplicated pul- 
monary emphysema, the lung-to-tongue and 
arm-to-tongue circulation times were signifi- 
cantly shorter than normal.” 

Bronchial Asthma. The respiratory dynamics 
during an asthmatic attack resemble those of 
chronic emphysema with the additional factor 
of bronchial obstruction.'® In this disease, 
normal or somewhat shortened circulation 
times have been obtained by numerous ob- 
servers.*®: 38, 40, 57 

A severe attack of bronchial asthma occa- 
sionally may closely mimic acute pulmonary 
edema due to left ventricular failure. In the 
rare instance where a history cannot readily be 
obtained, a circulation time may quickly decide 
the issue, for the patient with left ventricular 
failure usually has a considerably prolonged 
circulation time. 

Pneumothorax. The arm-to-lung time is de- 
creased initially following the production of 
artificial pneumothorax. This change is thought 
to be due to the decrease in the pulmonary 
vascular bed and an increase in the heart 
rate.) 

Pneumonia. The circulation time in pneumo- 
nia is normal or decreased. In those instances in 
which a decreased circulation time is found, 
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fever may be an important cause."'® Again, the 
reduction in the pulmonary vascular bed may 
play a part in the acceleration of blood flow. 

Thyrotoxicosis. The velocity of blood flow is 
strikingly increased in this disease. In 1 report 
of 9 patients with thyrotoxicosis but without 
circulatory failure, the basal metabolic rate 
averaged 33 per cent above the normal, while 
the velocity of blood flow through the lungs 
averaged 83 per cent above normal.” It has 
been demonstrated that the increase in the 
velocity of blood flow in thyrotoxicosis is 
greater than that which occurs in normal 
persons with a similarly increased oxygen con- 
sumption due to work.'" If congestive heart 
failure ensues, the circulation time may still be 
shorter than normal or within normal limits. 
When thyrotoxicosis is treated successfully the 
circulation time returns to normal. In patients 
with basal metabolic rates elevated by dinitro- 
phenol, the circulation times are normal. 

Myzxedema. The circulation time in myx- 
edema is considerably longer than normal. The 
slowing in blood flow is due to the diminished 
cardiac output. With adequate thyroid therapy, 
the circulation time returns to normal. Here 
again there is evidence that the velocity of 
blood flow is not directly related to the basal 
metabolic rate but to the decreased cardiac 
output. A group of 12 patients with low metab- 
olism and normal blood cholesterol was 
studied.® Most of these patients had previously 
been operated upon for hyperthyroidism. The 
average basal metabolic rate was minus 25 per 
cent, the average Decholin circulation time was 
12.4 seconds. It is of interest that the circula- 
tory changes are the converse of those in 
thyrotoxicosis. The velocity of the blood flow 
and the cardiac minute volume output are dis- 
proportionately lowered; the latter is reflected 
in the increased blood arteriovenous oxygen 
difference. 

Anemia. In patients with normal cardiovas- 
cular systems anemia may significantly shorten 
the circulation time. This change reflects the 
compensatory increase in cardiac output, which 
is inversely proportional to the hemoglobin 
level; vasoconstriction may also contribute to 
the increased velocity of blood flow.*> With 
hemoglobin concentrations of less than 10 Gm. 


the circulation time tends to shorten consid 
erably. 

Polycythemia. In polycythemia vera, the cir- 
culation time usually is prolonged, more as ; 
result of the greatly increased blood volum: 
and vasodilatation than because of the in 
creased blood viscosity.' 

Peripheral Vascular Disease. Kvale and A\- 
len used a solution of magnesium sulfate, 
calcium gluconate, and copper sulfate to meas- 
ure arm-to-tongue, arm-to-hand, arm-to-peri- 
neum, and arm-to-foot circulation times. I) 
normal individuals they obtained a wide range 
of values, especially in the arm-to-foot times. 
They reported that in Buerger’s disease and 
obliterative atherosclerosis the speed of the 
blood flow to the hands and feet generally was 
diminished, usually depending upon, and evi- 
dently related to, the degree of vascular oblit- 
eration. Inconsistent results, however, led them 
to believe that the method could not be used 
to diagnose occlusive arterial disease. 

Elkin and associates' used radioactive so- 
dium to measure circulation time to the ex- 
tremities and were unimpressed with the results 
obtained. They stated, ““The variations in the 
circulation time to the extremities found in 
normal individuals is so wide as to render these 
results valueless in the diagnosis of circulatory 
disorders.” 


INDICATIONS FOR CIRCULATION TIME 
MEASUREMENTS 


The circulation time is not a diagnostic test. 
It reflects the influence of many variable fac- 
tors, but affords valuable information that may 
aid in diagnosis and in evaluating the clinical 
progress of a patient. Specifically, the finding 
of a short circulation time in a patient with 
overt congestive heart failure would be of im- 
portance, especially since the basal metabolic 
rate tends to be inaccurate in such circum- 
stances, and I'*! uptake studies are not always 
available and require several days. If thyro- 
toxicosis were ruled out, then other causes of 
high output failure obviously would merit in- 
vestigation. Under such circumstances the cir- 
culation time may contribute significantly to 
the evaluation of the patient. 










Circulation times may be helpful in distin- 
viishing the dyspnea of pulmonary disease 
from that of cardiac origin. The most striking 
example is an acutely dyspneic and stuporous 
jitient with a chest filled with musical rales. 
|, such circumstances a normal circulation 
i me generally indicates that bronchial asthma 
i- the more likely diagnosis. It is important to 
ote that ether and Decholin should be used 
\ith extreme caution in patients suspected of 
| onchial asthma or other allergic states. 

Rarely, the circulation time aids in differ- 
citiating the hepatomegaly of liver disease 
fiom that of congestive heart failure. Usually 
the clinical examination and specific liver func- 
tion tests are adequate. However, both condi- 
tions may coexist and under such circumstances 
circulation time measurements may be par- 
ticularly valuable in estimating the circulatory 
component. Similarly, the anasarca of nephritis 
with hypoproteinemia may on occasion be dis- 
tinguished from that due to congestive heart 
failure. 

The routine employment of circulation time 
estimations in all patients entering hospital 
with cardiac disease is unwarranted. Although 
the percentage of untoward reactions to the 
drugs commonly employed is extremely small, 
the induction of further cardiovascular embar- 
rassment in a seriously ill patient, could, in 
rare instances produce unfortunate results. 
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A 10-year study was made of 211 individuals from private practice living for more than 2 
months after their first myocardial infarction. The survival period of 2 months represents the time 
when most of those who live will become ambulant and are resuming some degree of activity. The 
mortality rate for the 2 month survivors was greatest in the first 5 years. One third of the entire 
group lived for more than 10 years. Fewer patients in the older age groups survive for more than 
10 years after myocardial infarction than do those in the younger age groups. The presence of con- 
gestive heart failure, angina pectoris, or cerebral embolism decreases the survival period; 88 per 
cent of the fatalities were due to cardiovascular disease. Of the 60 men who survived for a decade, 


76 per cent were still at work. 
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CONGENITAL ANOMALIES 


Brown, J. W., Heath, D., and Whitaker, W.: 
Ebstein’s Disease. Am. J. Med. 20: 322 (Mar.), 
1956. 

Icbstein’s disease is a congenital cardiac abnor- 
mality in which the origin of the tricuspid valve is 
displaced downward into the right ventricle to 
divide it into 2 portions, a proximal portion forming 
part of the atrial cavity and a distal ventricular 
portion. The authors present 4 additional cases of 
Ebstein’s disease diagnosed during life and describe 
the characteristic clinical features. Breathlessness 
on exertion, cyanosis, and palpitation were common 
symptoms. A precordial systolic murmur and a 
well-marked triple rhythm were heard at the apex. 
Central cyanosis was present at rest in 1 patient 
and during attacks of paroxysmal tachycardia in 
another. The electrocardiogram showed right atrial 
hypertrophy in the form of peaked P waves in 3 
patients and a right bundle-branch-block pattern in 
2. By roentgenography all patients demonstrated an 
enlarged globular cardiac silhouette due mainly to 
the abnormal right atrium. Angiocardiography 
showed a huge right atrium in all cases and early 
filling of the left atrium in 1 case, subsequently 
found to have a patent foramen ovale at autopsy. 
Catheterization performed in 3 patients disclosed a 
raised right atrial pressure in 2. Only in 1 patient 
was it possible to catheterize the pulmonary artery. 
In this instance the pressures were normal. In each 
cuse the catheter coiled in a large right atrium. 

Ebstein’s disease is compatible with many years 
0! active adult life. At present there is no place for 
siirgical treatment. Thoracotomy is hazardous, since 
nechanical stimulation of the heart frequently pre- 
c pitates cardiac arrhythmias that have in some 
instances been fatal. Procaine amide and prostigmine 
were both used successfully to terminate paroxysmal 
a'tacks of tachycardia in 2 patients. In 1 case, bouts 
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of cardiac arrhythmia occurred in spite of oral ther- 
apy with quinidine and procaine amide. Terminally 
the attacks failed to respond to parenteral therapy 
with prostigmine and procaine amide. 

HARRIS 


Davis, C., Jr., Dillon, R. F., Fell, E. H., and Gasul, 
B. M.: Anomalous Coronary Artery Simulating 
Patent Ductus Arteriosus. J. A. M. A. 160: 1047 
(Mar. 24), 1956. 

A 19-year-old Negro girl was found to have a 
continuous machinery murmur, best heard in the 
pulmonic area. No other murmurs were present. 
Studies were very suggestive of a patent ductus 
arteriosus. At operation the ductus was found to be 
obliterated and an additional search by means of a 
longitudinal incision in the pericardium revealed a 
dilated tense, left coronary artery “lying free’ in 
the pericardial sac in the proximal half of its course. 
This artery communicated directly with the in- 
fundibular region of the right ventricle, and at this 
point it was ligated and divided. The murmur and 
thrill promptly disappeared. Sixteen months later 
the patient was well and studies showed only that 
the cardiac shadow appeared slightly larger than it 
did on preliminary studies. There were no changes 
in the electrocardiogram. 

KITCcHELL 


Brostoff, P., and Rodbard, S.: Hydrodynamics in 
Ventricular Septal Defects. Am. Heart J. 51: 325 
(Mar.), 1956. 

The hydraulics responsible for shunt flow in 
ventricular septal defects were studied in a specially 
designed model that permitted adjustment of the 
size of the defect, changes in the volume of circulat- 
ing fluid, and changes in the resistances to inflow 
and outflow of the several heart chambers. With a 
small ventricular septal defect, the cross-section 
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area of the orifice was the controlling factor in the 
volume of the shunt, even though a high-pressure 
gradient between the 2 ventricles was present. Since 
the volume of the shunt was thereby limited, little 
or no dynamic effects were impressed on the circula- 
tion as a whole. Ventricular septal defects of large 
size permitted the development of a large shunt 
with a tendency toward equalization of the pres- 
sures in the 2 ventricles. The factors controlling the 
volume of the shunt and its direction then depended 
upon the resistances to outflow from the functionally 
single ventricle. A high resistance to outflow into 
the aorta, such as may occur in systemic hyperten- 
sion or in aortic stenosis, enhanced the volume of 
the left-to-right shunt. In the presence of a large 
left-to-right shunt, the increased volume delivered 
to the left atrium caused a pressure increase in, and 
distention of, this chamber. This high left atrial 
pressure was reflected in an increased filling pres- 
sure of the left ventricle during diastole. When the 
atrioventricular valves opened at the onset of 
diastole, all 4 chambers of the heart were func- 
tionally united, and the high left atrial pressure pro- 
duced a diastolic shunt across the defect. A high 
resistance to outflow into the pulmonary circuit, 
such as occurs in pulmonic stenosis or increased 
pulmonary vascular resistance, reduced the shunt 
and, when severe enough, caused its reversal. Aug- 
mentation of the volume of circulating fluid pro- 
duced striking effects on the circulation. Pressures 
in all parts of the circulation model were increased, 
as was the cardiac output. When a ventricular septal 
defect was present, an increase in the volume of 
circulating fluid not only augmented the left-to-right 
shunt, but also increased the forward output. This 
increase in the volume of the circulating fluid, al- 
though mechanically disadvantageous, could be 
shown to improve the “physiological” function. In- 
sufficiency of the aortic or mitral valves increased 
the volume of the diastolic left-to-right shunt. 
Mitral stenosis produced a complex of effects lead- 
ing to severe generalized pulmonary vascular hyper- 
tension and a reduced forward output. 
RINZLER 


ELECTROCARDIOGRAPHY, VECTOR- 
CARDIOGRAPHY AND BAL- 
LISTOCARDIOGRAPHY 


Witham, A. C., and Coggins, R. P.: An Electro- 
cardiographic Technique for Mass Surveys. Am. 
Heart J. 51: 199 (Feb.), 1956. 

A rapid technic for obtaining 2 limb and 2 pre- 
cordial leads is described. The speed depends prin- 
cipally upon the use of special snap-on limb elec- 
trodes and the elimination of electrode jelly. The 
difference in diagnostic accuracy between the rou- 
tine 12-lead electrocardiographic system and a 4-lead 
system, composed of leads I, aVr, and an anterior 
and lateral V lead, was negligible in a selected series 
of 50 normal subjects and 100 cardiac patients. 


Discrepancies in diagnosis did not always favor the 
12-lead electrocardiogram. A similar 4-lead systein 
consisting of Vi, V;, I, and aVr seemed to be equally 
as good as 12-leads in the diagnosis of 100 unselected 
arrhythmias. A 3-lead system, I, aVr, and V an- 
terior, showed 10 per cent disagreement with the 
specific 12-lead diagnosis, but failed to identify as 
abnormal only 7 per cent of 96 abnormal electro- 
cardiograms in the same series. The 3- or 4-lea: 
electrocardiogram secured and interpreted as out- 
lined appears to have a useful place in cardiac sui - 
veys. 


RINZLER 


Dressler, W., and Roesler, H.: Premature Beats in 
Atrioventricular Rhythm. Am. Heart J. 51: 26! 
(Feb.), 1956. 

Premature beats of atrial and ventricular origin 
disturbing A-V rhythm in man are reported and 
compared with observations made by others in the 
experimental animal. All premature beats were fol 
lowed by noncompensatory pauses. In 1 instance 
evidence was obtained that the atrium was acti- 
vated by the premature ventricular excitation. In 
a case of upper A-V rhythm the restored beat after 
a premature ventricular contraction showed merging 
of the P wave and the QRS complex. An identical 
phenomenon was observed in the experimental ani- 
mal and interpreted as due to temporary improve- 
ment in the conductivity of the bundle of His see- 
ondary to retrograde transmission of the premature 
ventricular impulse to the A-V pacemaker. Upright 
P waves in leads IT and III were observed in a case 
in which the sequence of ventricular and atrial con- 
tractions indicated the presence of lower A-V 
rhythm. 

RINZLER 


Davis, F. W. Jr., Scarborough, W. R., Mason, R. E., 
Singewald, M. L., and Baker, B. M., Jr.: The 
Ballistocardiographic Cigarette Test: Further Ob- 
servations. Am. Heart J. 51: 165 (Feb.), 1956. 
The effect of smoking on _ballistocardiographic 

form in 252 normal subjects and 190 patients with 

coronary artery disease are reported. Abnormal 
resting ballistocardiograms were found in 25.3 per 
cent of normal control subjects and 56.4 per cent 
of patients with coronary disease. The cigarette 
test was positive in 7.5 per cent of the control sub- 
jects, in contrast to 48.9 per cent of the coronary 
group. Previous smoking habits, inhalation or non- 
inhalation, and (in the group with coronary artery 
disease) presence of angina or previous myocardi:l 
infarction failed to influence the response of the 
ballistocardiogram to smoking. No positive cigarette 
test occurred in control subjects under the age of 

40; positive tests occurred in only 3 of 89 subjects 

in the fifth decade. Repeat cigarette tests were most 

consistent in persons under the age of 40. Variation 
of response in repeat tests was as great as 33.3 per 
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cent in certain decades. Maximal change in ballis- 
tocardiographic form appeared in records obtained 
immediately after smoking in most subjects. Filters 
of several types and the use of ‘“denicotinized” 
cigarettes failed to prevent the ballistocardiographic 
»lteration in normal or diseased subjects. Nitro- 
vlyeerin prevented the deterioration in a few pa- 
‘ients. It is concluded by the authors that a positive 
allistocardiographic cigarette test in a subject un- 
der the age of 50 suspected of having coronary 
artery disease might be considered ancillary evi- 
dence supportive of this diagnosis. 
RINZLER 


Cheng, T. O., Sutton, G. C., Swisher, W. P., and 
Sutton, D. C.: Effect of Quinidine on the Ventricu- 
lar Complex of the Electrocardiogram with Special 
Reference to the Duration of the Q-T Interval. 
Am. Heart J. 51: 417 (Mar.), 1956. 

The electrocardiograms of 121 patients receiving 
quinidine for treatment of established atrial fibril- 
lation and flutter were analyzed for the effect of 
quinidine on the ventricular complex, with particu- 
lar reference to the duration of the Q-T interval. It 
was found that in 85 per cent of the successfully 
converted cases, the duration of the Q-T interval, 
corrected for the heart rate, was not prolonged. The 
widespread impression that Q-T is prolonged during 
quinidine administration has resulted from the in- 
clusion of the U wave in the Q-T duration. In 15 
per cent of the cases receiving quinidine there was 
an actual prolongation of the Q-T duration, with or 
without notching of the T wave. Quinidine changed 
an inverted U wave in 2 patients to a positive de- 
flection. The typical electrocardiographic pattern in 
patients receiving quinidine is characterized by a 
depressed S-T segment and T wave opposite in 
polarity to a U wave of increased voltage, while 
the Q-T interval itself, corrected according to the 
heart rate, is in most cases normal in duration. This 
clectrocardiographic pattern is produced by quin- 
idine alone, although the simultaneous use of digitalis 
may accentuate the changes in such a pattern. The 
electrocardiogram is a definite aid in the manage- 
ment of any patient receiving quinidine, particu- 
larly when measurement of the blood level of quin- 
idine cannot be obtained. It is the change of the 
pattern rather than the pattern itself that is im- 
portant for evaluation of the relative quinidine 
effect; the electrocardiogram more frequently and 
more reliably indicates the existence rather than 
the degree of quinidine effect. 

RINZLER 


Moore, S. R., and Langner, P. H., Jr.: Location of 
the Electrical Center of Ventricular Depolariza- 
tion. Am. Heart J. 51: 405 (Mar.), 1956. 

Six normal men and 1 abnormal man with various 
thoracic configurations were studied by a precise 
iirror-pattern-cancellation technic. Four to 6 mir- 


ror-pattern cancellations were determined in each 
subject. These data were compared geometrically 
with those obtained from a 3-dimensional model of 
the human torso, and the equivalent heart dipole 
location in each subject was determined. The method 
was found practical as a research technic and not 
excessively time consuming. The results indicate 
that the electric center for ventricular depolarization 
was close to the estimated anatomic center of the 
ventricles in the subjects tested. 


RINZLER 


Gross, D.: Quantitative and Qualitative Correlations 
between R and Positive T Waves in the Standard 
Leads and Their Clinical Significance. Am. Heart 
J. 51: 351 (Mar.), 1956. 

This paper is concerned with correlations between 
the positive T wave and the R wave of the same 
ventricular complex. The behavior of a straight 
line, prolonging the descending limb of the T wave 
and its intersection with the R wave, was investi- 
gated. The descending limb of the T wave was pro- 
longed upward by a straight line, called crossing 
line, so that it either intersects the R wave, touches 
the apex of this wave, or intersects above the R. 
Respectively, they are called direct (real crossing), 
touching and imaginary (no crossing). The distance 
from the point of intersection to the isoelectric line 
is called crossing and is measured in millimeters. 
Crossing depends on 3 factors: degree of elevation 
of the descending limb of the T wave, as expressed 
by the angle r; height of the R wave; and on the 
distance of the projection of the peak of the R wave 
on the isoelectric line to the end of the T wave. In 
100 normal electrocardiograms standard values of 
the crossing distance, of the crossing height, and of 
angle r were established in leads I and II. Crossing 
presents an inverse correlation to the magnitude of 
the angle r. When the angle is less than 25 degrees, 
direct crossing occurs in every instance; when angle r 
is greater than 60 degrees, no crossing occurs. From 
26 degrees to 60 degrees the incidence of the crossing 
decreases gradually. Crossing correlates positively 
with the R/T ratio; there is no direct crossing with 
ratios under 5.0. Over 8.0, direct crossing occurs in 
every instance. Crossing is quantitatively related 
to cardiac frequency. Direct crossing is absent at 
low and normal cardiac rates up to 90 beats per 
minute. In the range from 91 to 120, crossing was 
observed in 25 to 30 per cent of normal records. 
Crossing is related to the position of the electric 
axis; left axis deviation favors direct crossing in 
lead I, whereas right axis deviation doesso in lead IT. 
Crossing between R and T, in the sense of the given 
definition, reveals a minor, nonspecific abnormality 
of the positive T wave. It represents an early sign 
of disturbed correlation within the ventricular com- 
plex and indicates initial stages of an abnormal con- 
dition of the ventricular myocardium. 

RINZLER 
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Cossio, P., and Bibiloni, A.: Horizontal Bipolar 
Thoracic Leads. Am. Heart J. 51: 366 (Mar.), 
1956. 

The authors studied several bipolar leads around 
the chest in the horizontal plane at the level of the 
electric center of the heart and later checked them 
with the vectorcardiogram recorded at the same 
level. The object was to make a vectorial interpre- 
tation of the electrocardiogram in the horizontal 
plane in the same manner as it is interpreted in the 
frontal plane. Among 250 normal persons studied 
for the configuration of the mean vector of the P 
wave, the QRS complex and the T wave it was pos- 
sible to establish constant values in contrast to the 
wide range occurring in the frontal plane. Among 
200 patients with ventricular hypertrophy, the gen- 
eral configuration of the QRS complex was unaltered, 
except for the following changes: (a) In left ventricu- 
lar hypertrophy, the R wave was smaller or absent 
in H,; and was larger with a deep, but not wide q 
in H;. The voltage of R was above 35 mm. (sign of 
hypertrophy), and the mean vector of QRS was ro- 
tated posteriorly. (b) In right ventricular hyper- 
trophy, R was predominant in lead H, and the mean 
vector of the QRS complex was definitely rotated 
anteriorly up to plus 60 degrees and even plus 90 
degrees. If ventricular strain was present the mean 
vector of T became almost opposite up to 180 de- 
grees, and in lead Hs, in the cases of left ventricular 
hypertrophy, T was negative. In 100 cases of bundle- 
branch block the QRS complex was wide and 
notched, with the special characteristic that its final 
vector was directed posteriorly in the left bundle- 
branch block and anteriorly in the right bundle- 
branch block; i.e., it pointed toward the ventricle 
that was last to be activated. Among 100 cases of 
myocardial infarction, in the positive part of each 
lead,—H, in the case of anterior infarction, He in 
lateral infarction, and H; in posterior infarction— 
the initial vector of the QRS complex was directed 
away from the diseased area (wide Q), the S-T seg- 
ment vector was directed toward it (S-T elevated), 
and the T vector was also directed away from it 
(negative T). 

RINZLER 


Contro, S., Magri, G., and Natali, G.: Premature 
Beats Overcoming Impaired Intraventricular Con- 
duction. Supernormal Phase of Intraventricular 
Conduction. Am. Heart J. 51: 378 (Mar.), 1956. 
Two cases are reported of an arrhythmia in which 

premature beats of normal QRS duration and con- 

figuration occur in contrast to the bundle-block pat- 
tern of the dominant rhythm. Theoretically, the 

phenomenon can be accounted for by any 1 of 4 

mechanisms: septal origin of the premature beats 

below the blocked region, conduction of the pre- 
mature impulse through accessory pathways, bi- 
lateral lesion of the conducting system, and occur- 
rence of the premature beats during the supernormal 
phase of intraventricular conduction. On the basis 


of their experience, the authors accept the last ex- 
planation as the most likely. 
RINZLER 


Kuhn, L. A.: The Effects of Arctic Climate and Dif- 
ferent Shelter Temperatures on the Electrocardio- 
gram. Am. Heart J. 51: 387 (Mar.), 1956. 

The effects of arctic climate and different shelter 
temperatures on the electrocardiogram were investi- 
gated in 7 normal young men performing standard 
work outdoors in arctic and temperate climates. 
Significant electrocardiographic changes occurred 
with greater frequency and severity in the arctic 
than in a temperate climate after both heavy and 
light work. In addition, there were more severe 
changes when the men lived in a 50 F. arctic shelter 
than when they were housed at 70 F. There were 
no abnormalities in the resting electrocardiograms. 
Depression of the RS-T segment, increase in height 
of the T wave, premature ventricular contractions, 
and disappearance of the R wave in V4, were the 
principal postexercise alterations observed. The in- 
creased incidence of significant changes noted in the 
Arctic and when the men lived in the cold shelter 
suggests that the dual stress of exercise plus cold 
exposure affects the electrocardiogram to a greater 
extent than exercise alone. The effects of cold ex- 
posure on the coronary arteries, adrenal gland secre- 
tions, and oxygen needs of the body are discussed 
in light of the observed electrocardiographic al- 
terations. . 

RINZLER 


DeForest, R. E.: Four Cases of “Benign” Left 
Bundle Branch Block in the Same Family. Am. 
Heart J. 51: 398 (Mar.), 1956. 

Four instances of apparently benign bundle 
branch block observed in 2 generations of 1 family 
of 13 living members are presented. The 2 males 
are aged 65 and 40 years. The 2 females are aged 
68 and 30 years. In 3, there was no clinical evidence 
of organic heart disease. The 65-year-old man had 
hypertension and his electrocardiogram was sug- 
gestive of left ventricular myocardial damage. Right 
axis deviation was associated with left bundle- 
branch block in 2 cases, which was thought to be 
related to the vertical position and clockwise rota- 
tion of the heart. This position was observed in 10 
of 14 tracings in the study and was believed to 
represent a familial trait. This trait, plus the high 
incidence of associated left bundle-branch block, 
suggested a familial susceptibility of the bundle of 
His to injury. It is postulated that this susceptibility 
is due to inherited deficiency of the septal blood 
supply. 

RINZLER 


HYPERTENSION 


Stonehill, S.: A Comparative Study of the Treatment 
of Essential Hypertension. Arch. Int. Med. 97: 189 
(Feb.), 1956. 
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The clinical effects of Rauwolfia micrantha, man- 
nitol hexanitrate (Maxitate) with rauwolfia com- 
pound, and a placebo were studied for a period of 
1 ear. Each patient was kept on 1 of these drugs 
for 6 months before starting another for the next 6 
months. The blind test technic was used, with 
tablets of identical appearance whose content was 
unknown to the observer. The results indicate that 
ai adequate hypotensive response was obtained 
with rauwolfia. This effect was enhanced when 
m:nnitol hexanitrate with rauwolfia compound was 
used. 

BERNSTEIN 


Ross, E. J.: Total Exchangeable Sodium in Hyper- 
tensive Patients. Clin. Sc. 15: 81 (Feb.), 1956. 
‘Space” measurements were made in normoten- 

sive and hypertensive subjects, using Na’, anti- 
p\rine, and thiosulfate to estimate total exchange- 
able sodium, total body water, and extracellular 
water respectively. There was considerable scatter 
in the total exchangeable sodium in the normal 
group. In the hypertensive group some subjects 
had measurements within the normal range, includ- 
ing patients with severe hypertension. Ten patients 
with increased exchangeable sodium were studied 
in greater detail. Seven of these had malignant hy- 
pertension. In 9 of them there was an expanded ex- 
tracellular volume, but intracellular sodium was 
greatly increased. 

Sodium deprivation, but the use of diet or cation 
exchange resins, caused only slight reduction in ex- 
changeable sodium but resulted in a fall in blood 
pressure. It is unlikely that the blood pressure re- 
duction was due to the decrease of exchangeable 
sodium. Probably it was in some way related to 
distribution of sodium within the body, possibly in- 
volving migration of sodium ions from the contractile 
tissues of the cardiovascular system. These studies 
do not appear to offer a guide to the selection of 
therapy; e.g., deciding between ganglionic-blocking 
drugs or sympathectomy and adrenalectomy. 

ENSELBERG 


Handler, F. P.: Clinical and Pathologic Significance 
of Atheromatous Embolization, with Emphasis on 
an Etiology of Renal Hypertension. Am. J. Med. 
20: 366 (Mar.), 1956. 

IXmboli of cholesterol crystals arising from eroded 
atheromatous plaques have been reported in 13 
patients since 1945. The author adds 7 additional 
cases. The sequence of arterial changes following 
lolgment of cholesterol crystal emboli includes 
spasm, granulomatous endarteritis, intimal fibrosis 
with sequestration of the cholesterol crystals, and 
marked diminution of lumen diameter. Tissues 
distal to the progressive fibrosing endarteritis be- 
come ischemic; this results in impaired function and 
nutrition, atrophy and, sometimes, necrosis. The 
resulting ischemia and atrophy of the renal cortex 
is diffuse and marked if renal vascular lesions are 


plentiful. Associated clinical data suggest that acti- 
vation of the renal hypertensive humoral mech- 
anisms may ensue, as manifested by an abrupt rise 
in blood pressure or intensification of existing hyper- 
tension noted in 3 patients of this series. 

Harris 


Lewis, B. I., Lubin, R. I., January, L. E., and Wild, 
J. B.: Central Nervous System and Cardiovascular 
Effects of Rauwolfia Serpentina. J. A. M. A. 160: 
622 (Feb. 25), 1956. 

Three groups of patients were treated by Alseroxy- 
lon (Rauwolfia serpentina) (4 mg. daily) admin- 
istered in alternate courses with an identical placebo 
tablet. Fifty patients had symptoms predominantly 
vascular and 50 were classified as having psycho- 
somatic syndromes. Ten were included as normal 
subjects. It was felt that Alseroxylon causes in most 
subjects mild to moderate reduction in blood pres- 
sure and perhaps more consistently a slowing of the 
heart rate. It appeared that the symptomatic result 
in hypertensive patients bore little relationship to 
the extent of the cardiovascular changes or the de- 
gree of blood pressure drop. It is thought that a high 
percentage of subjects with mild to moderate hyper- 
tension have chronic tension states and most if not 
all the complaints are on this basis. All patients 
studied who had psychosomatic syndromes charae- 
terized by tension states improved. None of the 
patients with depressions, hysteria, or hypochondri- 
asis were helped. The subjects with angina pectoris 
generally improved and at the present time all but 
1 of 15 patients with angina have appeared to 
benefit from the therapy. There was a peculiar pro- 
longed therapeutic pattern demonstrated by pa- 
tients with angina. It appears that most of the 
anginal patients improved on Alseroxylon, and then 
maintained their improvement during an observa- 
tion period when placebo was administered. They 
improved again with the drug and continued this 
sequential pattern of improvement and maintenance 
of improvement on Alseroxylon and on placebo 
therapy. The authors believe that the drug is pos- 
sibly dangerous in patients with hysteria, hypo- 
chondriasis, and depressive patterns, in that there is 
a possibility of deepening the depression and pre- 
cipitating a suicidal reaction. 

KITCHELL 


Smithwick, R. H., Bush, R. D., Kinsey, D., and 
Whitelaw, G. P.: Hypertension and Associated 
Cardiovascular Disease. J. A. M. A. 160: 1023 
(Mar. 24), 1956. 

This is a report on the 5-year mortality rates for 
1,118 male and 1,109 female patients classified into 
4 groups by a method of scoring objective cardio- 
vascular findings. Group I contained patients with 
hypertension but no cardiovascular disease. Groups 
2 and 3 contained patients with increasing degrees 
of damage in the cerebral, cardiac, or renal areas. 
Group 4 contained the patients with the most ad- 
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vanced cardiovascular changes. It is evident that 
the prognosis becomes worse as signs of cardio- 
vascular renal damage increase and that within 
each of the groups the prognosis for females is 
better than that for males in the same stages. The 
authors believe that those individuals classified as 
normotensive hyperreactors or those with intermit- 
tent hypertension should be treated medically. 
They believe that Group I patients with continued 
hypertension should also be treated medically with 
some exceptions. Group 2 and 3, patients with in- 
creasing blood vessel damage, should in general be 
treated surgically. They feel that if medical therapy 
is elected and ineffective after a reasonable trial of 
8-10 weeks, surgical treatment should be urged. In 
Group 4 patients, the outlook for any type of 
therapy is poor, but in a few, combined medical and 
surgical therapy may effect dramatic results in 
alleviating symptoms and prolonging life. 
KiTCHELL 


White, P. D.: Severe Hypertension—Study of One 
Hundred Patients with Cardiovascular Complica- 
tions. J. A. M. A. 160: 1027 (Mar. 24), 1956. 

In August 1950, Drs. White, Diamond, and 
Williams reported the follow-up of 100 private 
hypertensive patients with cardiovascular complica- 
tions, half of whom were subjected to Smithwick’s 
lumbodorsal sympathectomy in the years 1941 to 
1946, and the other half treated by ordinary medical 
measures (prior to the days of the use of the more 
active hypotensive drugs or low-salt diets). These 
same patients have been reviewed in the present 
article because a period of 5 years had elapsed since 
the first follow-up study. Of the 50 patients who did 
not have sympathectomy 48 are dead. Of the 50 
sympathectomized patients 25 are dead. It appears, 
therefore, that lumbodorsal sympathectomy was 
found in this follow-up study to have been much 
more effective than the routine measures of the day 
in prolonging life, improving health, and reducing 
the blood pressure. A future follow-up comparison 
to determine the relative efficacy of the newer 
methods of treatment, including potent drugs and 
dietary restriction, in contrast to lumbodorsal 
sympathectomy in serious hypertension, is needed. 

KITCHELL 


Comens, P., and Schroeder, H. A.: The L.E. Cell 
as a Manifestation of Delayed Hydralazine In- 
toxication. J. A. M. A. 160: 1134 (Mar. 31), 1956. 
A syndrome simulating collagen disease has been 

reported during the treatment of some patients 

with arterial hypertension receiving hydralazine 

(Apresoline) hydrochloride for at least 6 months. 

The typical L.E. cell has sometimes been found in 

the peripheral blood of such individuals, especially 

when administration of the drug was continued 
after the appearance of arthralgia or arthritis. Two 
hundred thirty-six L.E. preparations were made on 


blood from 105 hypertensive patients receiving 
hydralazine for 2 weeks to 4 years. Ninety-seven 
patients were considered asymptomatic, 8 patients 
definitely exhibited evidence of hydralazine diseas«. 
Of the 97, smears on 10 contained occasional or raie 
L.E. cells. Thus it may be concluded from this 
series that the typical L.E. cell may appear, though 
rarely, in the blood of asymptomatic patients 1 - 
ceiving hydralazine. It is of interest to note that 
since the submission of the manuscript of this 
paper, 4 of the 10 patients showing an occasional cr 
rare L.E. cell have developed positive smears with 
clinical and laboratory evidence of hydralazine dis- 
sase. It appears that when L.E. cells are found in 
patients receiving apresoline this should be con- 
sidered evidence of developing hydralazine disease 
KITCHELL 


Moyer, J. H., and Handley, C. A.: Renal Response 
to Pentolinium: Laboratory Observations. Am. |/. 
M. Se. 231: 134 (Feb.), 1956. 

The renal response of dogs to administration of 
pentolinium was determined by measuring the 
effects of the drug upon renal hemodynamics, blood 
pressure, and on salt and water excretion. A sig- 
nificant reduction in mean blood pressure within 20 
minutes was observed persisting over a period of 
2 hours. Associated with the blood pressure fall was 
a small but consistent reduction in glomerular filtra- 
tion rate and renal blood flow. Renal vascular re- 
sistance was decreased but not-sufficient to prevent 
a fall in renal blood flow. After 3 days, renal hemo- 
dynamics returned to control levels, indicating that 
the acute response was physiologic rather than 
secondary to renal damage. Despite the reduction 
in glomerular filtration rates, there was no de- 
monstrable effect on urine volume or on excretion 
rates of sodium and potassium. 

SHUMAN 


Findley, T.: Two Kinds of Renal Hypertension. 

Am. J. M. Se. 231: 121 (Feb.), 1956. 

An analogy is drawn between renal dysfunction 
in hypertension and islet-cell dysfunction in diabetes 
wherein either the lack of insulin or an excess of 
glucagon may induce hyperglycemia. Hyperrenal 
hypertension may be due to an excess of circulating 
vasoconstrictor material emanating from the kidney. 
This type of hypertension due to renal pressor sub- 
stances has been widely studied in experimental 
and clinical situations but must be regarded as a 
rare entity among hypertensive patients. Hypo- 
renalism is regarded by the author as a more satis- 
factory explanation for human and experiment! 
varieties of hypertension. Elevation of blood pres- 
sure occurs clinically when the kidneys are smal 
and experimentally when nephrectomized animals 
are maintained by dialysis or parabiosis. A deficit of 
renal tubular mass or function may elicit a respons’ 
from the anterior pituitary-adrenocortical axis as 
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evidenced by (1) eosinophilia of anterior pituitary 
ii nephrectomized animals, (2) hypertension pro- 
cuced by enucleation of the adrenal glands only in 
uninephrectomized animals, and (8) the response of 
the hypertensive kidney to salt and water loads 
: sembling that of the kidney in Cushing’s syndrome. 
l'ssential hypertension could be caused by in- 
nsitivity of the remaining renal tissue to trophic 
ictors of hormonal origin (renotrophin) which have 
een released to effect repair of the threatened 
idney. 
SHUMAN 


Waldman, S., and Pelner, L.: Treatment of the 
Ambulatory Hypertensive Patient with Pento- 
linium Tartrate. Am. J. M. Sc. 281: 140 (Feb.), 
1956. 

Pentolinium tartrate is described as a satisfactory 
drug for the reduction of blood pressure in patients 
with moderate or severe hypertension. Proper 
methods for regulating the dosage in order to 
achieve useful reduction of the blood pressure with- 
out serious adverse effects are described in 26 
patients treated over a period of 3 weeks to 11 
months. The drug was administered orally 3 times 
daily for a total dose of not more than 300 mg., all 
doses being given 14 hour before meals. Reserpine, 
().25 mg., was given after meals. Significant blood 
pressure responses were observed in both systolic 
and diastolic levels in seated and recumbent po- 
sitions. The effectiveness of pentolinium was 
gauged by measurement of blood pressures in 
recumbency and seated positions in order to detect 
the dosage level at which the pressure declined upon 
sitting up, indicating a block of postural vasocon- 
strictive reflexes. A guide chart for the adjustment 
of the dosage of the drug based upon these postural 
effects is presented. On this program, the cardiac, 
retinal, and coronary status of all patients was im- 
proved whether or not the blood pressure approached 
normal. One patient died of a cerebrovascular 
hemorrhage, despite a fall in pressure. The usual 
side effects of ganglionic blockade were observed, 
including constipation, dryness of mouth, blurring 
of vision, and postural faintness; however, these 
were readily controlled with proper regulation of the 
dosage schedule based on the “angle method’’ de- 
scribed by the authors. 

ScHUMAN 


Genest, J., Lemieux, G., Davignon, A., Koiw, E., 
Nowaczynski, W., and Steyermark, P.: Human 
Arterial Hypertension: A State of Mild Chronic 
Hyperaldosteronism? Science 123: 503 (Mar. 23), 
1956. 

The urinary excretion of aldosterone, a newly 
1ecognized adrenal mineralocorticoid, was studied 
in 6 patients with malignant hypertension (diastolic 
pressure of 130 mm., papilledema, and impaired 
ienal functions). In addition, 7 patients with severe 


essential hypertension and 5 normal adults were 
studied. These subjects did not have edema and no 
dietary restrictions were enforced. 

Statistically significant differences were observed 
in the 2 indices of aldosterone activity. The urinary 
sodium-potassium ratio and the total sodium excre- 
tion fell significantly more when urinary extracts 
obtained from hypertensive patients were injected 
into adrenalectomized rats. These results suggest 
that at least in some cases of hypertension relatively 
large amounts of aldosterone may be secreted. The 
authors make the tentative suggestion that human 
arterial hypertension could be caused by a state of 
mild, chronic aldosteronism. 

WAIFE 


Lee, R. E., Seligmann, A. M., Goebel, D., Fulton, 
L. A., and Clark, M. A.: Reserpine-Hydralazine 
Combination Therapy of Hypertensive Disease, 
with Hydralazine in Doses Generally Below the 
“Toxic Range.” Ann. Inst. Med. 44: 456 (Mar.), 
1956. 

Hydralazine in daily doses of 300 mg. or less, 
when combined with reserpine, produced a sig- 
nificant hypotensive effect in a large majority of 
patients with fixed hypertension of over 3 years’ 
duration. Therapeutic effectiveness was attained 
without significant toxicity. This is in accord with 
the impression that the incidence of toxicity is at 
least partly a function of dosage. If further study 
substantiates this belief, the range of usefulness of 
hydralazine may be greatly extended, provided the 
dosage is kept at moderate levels. Reserpine alone 
produces a significant hypotensive effect in certain 
patients with fixed and prominent hypertension. 
This agent may be tried initially in hypertensive 
patients, with the subsequent addition of hydrala- 
zine in moderate doses as indicated by the thera- 
peutic response. 

WENDKOS 


PATHOLOGY 


Linzbach, A. J.: The Increase in Length of Myo- 
cardial Fibers and of Nuclei in Relation to Cardiac 
Dilatation. Virchows Arch. path. Anat. 328: 165 
(Feb.), 1956. 

In 37 human hearts from patients ranging in age, 
from 13 to 75, the mean length of the nucleus (on 
the basis of 170 single nuclei) and of the inter- 
nuclear distance (on the basis of 125 individual 
measurements) of the left ventricular wall has been 
measured. The sum of the 2 lengths is called the 
nucleated muscle fiber segment. This length is ap- 
proximately proportional to the cubic root of the 
ventricular weight. When the weight of the ventricle 
increases above 200 Gm. (or the entire heart above 
500 Gm.) previous studies of the author have indi- 
cated that the number of myocardial fibers increases; 
beyond this “critical” weight the length of the 
muscle segment increases more than expected from 
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measurements below the critical level, and inde- 
pendently of the number of fibers. Only below the 
critical level is there a correlation between cardiac 
dilatation and length of the muscle segment. Dilata- 
tion of “sport hearts’ is due to harmonic hyper- 
trophy. The length of the cardiac disks is equal to 
1.4 w both in concentric and in eccentric dilatation. 
The concentric dilatation results from growth of the 
muscle fibers toward the inner aspect of the wall. In 
manifest coronary insufficiency there is an eccentric 
hypertrophy due to dilatation and to sliding of the 
myocardial fibers. The authors state that the 
mechanical incompetence of the human heart cannot 
be simply interpreted on the basis of the ‘“Frank- 
Straub-Starling law’ because the conditions of 
work of the musce fibers in diseased hearts are 
basically different in different cases. 
CALABRESI 


Torchiana, B. and Weisz, R.: Histological Observa- 
tions on Pneumocardiopexis in the Experimental 
Revascularization of the Myocardium. Arch. sc. 
med. 101: 174 (Mar.), 1956. 

The different procedures adopted or proposed to 
improve the result of pneumocardiopexis in re- 
vascularization of the heart are briefly reviewed: 
local application of inflammatory agents (Carter), 
abrasion of the serosae (Beck), removal of the 
visceral pleura and of the epicardium (Reimann), 
ligature of coronary (Reimann, Montanari) or of 
pulmonary arteries (Corelli, Liebow). Histologic 
findings in a series of dogs examined 4 to 15 weeks 
after pneumocardiopexis operation with abrasion of 
the serosae or with local application of asbestos 
paste are reported. Good adhesions between lung 
and heart are obtained with either method; the con- 
nective tissue is well organized and sclerotic; there 
is no evidence of vascular connections between the 
2 organs. The authors conclude that only if myo- 
cardial ischemia occurs while the adhesions are 
being formed, may newly formed vessels of. func- 
tional significance persist indefinitely. If the ad- 
hesions develop in a nonischemic myocardium they 
become sclerotic and vascular communications are 
insignificant. 

CALABRESI 


Meyer, W. W., and Richter, A.: The Weight of the 
Pulmonary Artery as an Index of Sclerosis of 
Pulmonary Arteries and as Morphologic Criterion 
of Pulmonary Hypertension. Virchows Arch. 
path. Anat. 328: 121 (Feb.), 1956. 

The extra pulmonary segment of the pulmonary 
arteries (“pulmonary fork’’) has been weighed in 
over 200 autopsies. The weight of the aorta, the 
heart, and the free right and left ventricular walls 
has also been measured. It has been found that the 
weight of the “pulmonary fork’’ increases from 3.4 
Gm. in the third decade of life to 9 Gm. in the 
ninth decade. This results from diffuse sclerotic 


changes of the arterial walls, especially of the media, 
and does not correlate well with localized intimal 
foci. As previously reported, the increased weight is 
even more marked in the aorta. In pulmonary hyper- 
tension the increase in weight is greater; in fact, it 
is more marked in young than in old individuals. A 
pulmonary artery-aorta index has been calculated 
to express the increase of pulmonary artery weight 
resulting from hypertension rather than from aging. 
The change in weight is mainly due to changes of 
the media; it correlates well with hypertrophy of the 
right ventricle. The histologic changes observed in 
this material result mainly from fibrosis and from 
hypertrophy of elastic bundles; hypertrophy of 
muscle cells is seen only in the early phases of 
hypertension. 
CALABRESI 


Atwood, H. D.: Fatal Pulmonary Embolism by 
Amniotic Fluid. J. Clin. Path. 9: 38 (Feb.), 1956. 
The author reviews the subject of sudden deaths 

in pregnant women attributable to systemic em- 

bolization of amniotic fluid. He describes a case with 
sudden death during labor with identifiable lesions 
resulting from amniotic fluid emboli in the lung, 
uterus, kidney, brain, and heart. A number of stain- 
ing technics whereby these lesions may be identified 
are discussed. The subject is extensively reviewed, 
and mechanisms are suggested. It is noted that this 
occurs most commonly after rupture of the fetal 
membranes when the fetal head has descended into 
the pelvis, plugging the outlet. Uterine contractions 
then foree fluid from the hindwaters into the ma- 
ternal circulation through some abnormal com- 
munication lying above the region of cephalic 
tamponade. However, several cases are reported as 
occurring prior to fetal descent or rupture of the 
membranes. Therapy with oxygen and methods to 
delay return of venous blood to the right heart are 
recommended. 

MAXWELL 


Karrer, H. E.: An Electronmicroscopic Study of the 
Fine Structure of Pulmonary Capillaries and 
Alveoli of the Mouse. Preliminary Report. Bull. 
Johns Hopkins Hosp. 98: 65 (Feb.), 1956. 

In the adult mouse the alveoli were found to be 
lined by an uninterrupted thin epithelial cell-layer. 
The capillary endothelium was likewise without 
discontinuities but reached in places the extra- 
ordinary thinness of about 100 A. A seemingly struc- 
tureless basement membrane separated epithelium 
and endothelium. The presence of connective tissue 
fibers in this basement membrane could not be 
excluded on the basis of these studies. 

McKvsick 


Saphir, O., Amromin, G. D., and Yokoo, H.: Myo- 
carditis in Viral (Epidemic) Hepatitis. Am. J. M. 
Sc. 281: 168 (Feb.), 1956. 

The existence of myocarditis in epidémic hepatitis 
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w:s found in 4 cases among 6 instances of this dis- 
esse. Three of the 4 fatalities occurred after a rela- 
ti:ely short course of the disease. The histopatho- 
losic features were those of minute foci of muscle 
nerosis with inflammatory elements consisting of 
ly: aphoeytes, polymorphonuclear leukocytes, and 
‘ocardial reticulocytes within the heart muscle. In 
nstances the bundle of His was involved. Although 
» viral nature of the lesions cannot be proved, it 
‘1s believed that the hepatic changes were charac- 
istic of viral hepatitis and that the myocardial 
‘anges were of similar etiology. It is suggested 
lat electrocardiographic studies are indicated in 
ery patient with viral hepatitis as well as those 
with ether viral diseases. 
SHUMAN 


PATHOLOGIC PHYSIOLOGY 


Grant, R. P.: The Mechanism of A-V Arrhythmias. 
With an Electronic Analogue of the Human A-V 
Node. Am. J. Med. 20: 334 (Mar.), 1956. 

Three clinical features of the A-V arrhythmias in 
acute rheumatic fever are described. These are un- 
explained by previous theories. The following 
mechanism is suggested by the author: (a) in spite 
of the frequency the A-V arrhythmias in acute 
rheumatic fever rarely lead to incomplete or com- 
plete heart block, indicating that conduction delay 
cannot be a prominent part of the mechanism; (b) 
a patient with P-R prolongation due to rheumatic 
fever can be caused at will to develop the Wencke- 
bach phenomenon, A-V dissociation, or nodal 
rhythm, suggesting that a single defect is re- 
sponsible for all these variations. When this defect 
is stable, P-R prolongation is produced; when it is 
unstable, the other arrhythmias are produced; (c) 
there are specific and constant time characteristics 
of the P-R interval in the Wenckebach phenomenon 
and A-V dissociation that resemble the harmonics 
of 2 unstable coupled electronic oscillators. 

An electronic analogue for the A-V node is de- 
scribed that reproduces all these arrhythmias on 
graded change of only a single parameter. The 
analogue incorporates properties of electric events 
that have been identified in other neuromuscular 
junctions and in Purkinje tissue. From the per- 
formance of the analogue an hypothesis for the 
mechanisms of the A-V arrhythmias is advanced 
that explains many perplexing clinical aspects of 
these arrhythmias. 

Harris 


Castelfranco, M., Ghiringhelli, G., and Morra, G.: 
Respiratory Function in Patients with Pulmonary 
Disease and in Patients with Cardiac Disease 
Subjected to Graded Exercise. I. Observations on 
Breathing Normal Air. Folia cardiol. 15: 1 (Feb.), 
1956. 

Pulmonary ventilation and oxygen uptake on 
|.reathing normal air were measured in 20 normal 


subjects, in 14 patients with chronic pulmonary 
disease, and in 24 cardiac patients of various 
etiology. The Herbst’s quotient was calculated to 
express the coefficient of oxygen utilization. The 
Knipping closed-circuit instrument with automatic 
continuous oxygen refilling and circulation of air 
by pump was used; the subjects were fitted with a 
face mask and subjected to graded exercise; the 
work done on an ergometer was expressed in watts. 
In normal persons a well-tolerated exercise pro- 
duced proportionate increase in oxygen uptake and 
in pulmonary ventilation; at the higher grades of 
exercise the increment in oxygen uptake was less 
and the pulmonary ventilation increased sharply; 
the decline of the coefficient of oxygen utilization 
indicated the beginning of anaerobiosis. In patients 
with chronic pulmonary disease, the decline of 
Herbst’s quotient occurred at lower grades of ac- 
tivity. In patients with chronic cardiac disease tne 
decline of the quotient resulted from inability to 
increase the oxygen uptake, due to limitation in 
cardiac output more than from increased ventilation. 
Some patients with mitral disease showed changes 
similar to those observed in patients with pulmonary 
disease. 


CALABRESI 


Schumann, H.: The Significance of the Duration of 
Diastole for the Hemodynamics and Therapy of 
Mitral Valvular Disease. Ztschr. Kreislaufforsch. 
45: 115 (Feb.), 1956. 

In a patient with mitral stenosis a decrease of the 
heart rate from 94 to 58 induced by reserpine was 
accompanied by an increase of 0.04 sec. in the 
interval between the second sound and the opening 
snap. According to the experience of Wolter this 
would correspond to a decrease of the pulmonary 
capillary pressure from 36 to 16 mm. Hg. Such a 
decrease would also be expected theoretically as a 
result of the lengthened diastole, and can be held 
responsible for the improvement of subjective and 
objective signs of cardiac impairment after re- 
serpine. 


LEPESCHKIN 


Stoboy, H., and Nussgen, W.: Relations between 
Volumogram and Electrogram in the Isolated 
Frog Heart in the Presence of Disturbances of 
Conduction and Stimulus Formation. Ztschr. 
Kreislaufforsch. 45: 81 (Feb.), 1956. 

The volume changes of isolated frog hearts in a 
closed system oncometer were correlated with the 
direct lead electrogram. Atrial contraction was 
usually accompanied by backward flow into the 
veins, even when the P-R interval was long. In 
A-V dissociation the effect of atrial contraction on 
ventricular volume changes was very small. At 
high heart rates the rest volume of the ventricle 
was smaller than at low rates; this caused a tendency 
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to equalize the stroke volume with rapid changes of 
the heart rate. 
LEPESCHKIN 


Blatteis, C. M., and Horvath, S. M.: Pressure 
Curves from the Coronary Sinus of the Dog. 
Am. Heart J. 51: 306 (Feb.), 1956. 

Pressure curves recorded from the coronary sinus 
(at a depth of 1 to 2.em.) of 56 anesthetized dogs 
were analyzed in respect to their absolute values 
and general contours. The relationship of pressure 
values to certain hemodynamic factors and events 
occurring in the cardiovascular system was investi- 
gated. Pressures in the coronary sinus were low, 6.1 
and 1.9 mm. Hg for systolic and diastolic values, 
respectively. A statistically significant correlation 
was found between coronary sinus diastolic and 
right ventricular end diastolic pressures. Lower 
correlations were obtained between coronary sinus 
diastolic and mean pressures and all pulmonary 
pressures, as well as between coronary sinus mean 
pressure and total left ventricular blood flow. The 
pressure curves recorded were extremely variable, 
not only in different animals, but in the same 
animal during the course of an experiment. Although 
it was possible to group these pressure tracings into 
5 major patterns, considerable variation was ob- 
served within each main type. 

RINZLER 


Lin, T. K., and Anache, M.: Right Heart Pressure 
Patterns in Constrictive Pericarditis. Mechanism 
of Formation and Significance. Am. Heart J. 51: 
340 (Mar.), 1956. 

The right pressure patterns in chronic constrictive 
pericarditis are characteristic but not pathogno- 
monic. These patterns consist of (1) an M or W con- 
tour of the right atrial pressure tracing, (2) an early 
diastolic dip followed by a rapid rise of the right 
ventricular pressure to form a plateau, (3) a ratio 
of the right ventricular end-diastolic to systolic 
pressure greater than one third, and (4) a decrease 
in the pressure gradient between the right atrium 
and the pulmonary artery. The authors in reviewing 
the right heart pressure patterns in 7 of their cases 
of constrictive pericarditis are able to divide the 
right atrial pressure tracing into 6 wave types. In 
their opinion the right ventricular pattern is very 
characteristic and is extremely useful for deciding 
surgical operability. After operation, the changes 
of the right heart pattern include a decrease in the 
mean atrial pressure and normalization of the indi- 
vidual waves, a reduction in both systolic and 
diastolic pressure in the right ventricle and pulmo- 
nary artery, and some return to, but not an entire 
normalization of, the right heart pressure pattern. 

RINZLER 


Fox, I. J., Connolly, D. C., and Wood, E. H.: Left 
Atrial and Ventricular Pressure Pulses in Mitral 


Valvular Disease. Proc. Staff Meet., Mayo 

Clin. 31: 126 (Mar.), 1956. 

The great advantage of these technics in the 
study of mitral valvular disease lies in the simu! 
taneous recording of atrial and ventricular pressure 
pulses along with determination of blood flow 
These values permit objective estimation of th» 
degree of mitral stenosis present, and hence a firm 
basis for arriving at a decision as to the advisa- 
bility of surgery, which at present can be directe:| 
with assurance only at the relief of stenosis. A 
positive correlation between the average peak \ 
wave pressure and mean left atrial pressure was 
found. This correlation was significantly differen: 
for patients with mitral stenosis and mitral in 
sufficiency so that, as in the case of the pulmonar 
artery wedge pressure, the relationship is useful in 
the differentiation of these conditions. 

Measurements at 3 instances during diastole on 
the simultaneously recorded left atrial and ven 
tricular pressure pulses compared closely with the 
planimeterized mean left atrial and mean left 
ventricular diastolic filling pressures. Thus, for 
many purposes, the laborious technic of plani- 
metric integration of these pulses can be avoided. 
Mitral valve areas calculated on the basis of pul- 
monary artery wedge pressures and from directly 
recorded left atrial and ventricular pressure pulses 
were compared with the surgeon’s estimates of 
valve area. 

SIMON 


Kirklin, J. W. and Ellis, F. H.: Surgical Implica- 
tions of Catheterization of Left Side of the Heart. 
Proc. Staff Meet., Mayo Clin. 31: 144 (Mar.), 
1956. 

Technics are now available for surgical treatment 
of disease of the mitral, aortic, pulmonary, and 
tricuspid valves, for repair of defects in both the 
atrial and ventricular septa, for correction of patent 
ductus arteriosus, aortic pulmonary fistula, and 
coarctation of the aorta and for the relief of many 
complex malformations such as tetralogy of Fal- 
lot, common atrioventricular canal, and _ total 
anomalous pulmonary venous connection. These 
impressive advances might lead one to the con- 
clusion that precise preoperative diagnosis in heart 
disease is not necessary, and that exploratory 
sardiotomy might often be advised even in the 
absence of a specific diagnosis. 

More sober consideration of 2 facts renders such 
a conclusion untenable. The penalty for surgical 
exploration of a lesion that proves incapable of 
relief has been, in the experience of most surgeons 
and internists, great. Such patients die with dis 
turbing frequency in the postoperative period. A 
high percentage of other patients with a remediablc 
lesion, survive considerably more formidable 
operations. Accurate preoperative diagnosis then 
becomes of paramount importance to preven! 
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operation on patients with cardiac defects not 
amenable to operation. 

In spite of the diagnostic acumen of clinical 
cardiologists, certain cases of mitral disease have 
defied accurate categorization, whereas the diag- 
nosis of aortic stenosis has on occasions been diffi- 
cult to establish with certainty. The greatest value 
0! left-heart catheterization to the surgeon at least 
s-ems at present to be in the accurate identifica- 

on of mitral stenosis, mitral regurgitation, and 
aurtic stenosis. 

SIMon 


Keys, J. R., and Swan, H. J. C.: Dye-Dilution 
Curves from Systemic Arteries and Left Atrium 
of Patients with Valvular Heart Disease. Proc. 
Staff Meet., Mayo Clin. 31: 138 (Mar.), 1956. 
The dye-dilution curve is a record of the change 

o! concentration with time. The dimensions of the 
curve, in regard to both concentration and time, 
are ordinarily affected by the length of the path 
which the indicator or dye must take, the speed at 
which it travels, the volume of blood between in- 
jection and sampling sites, and other less well- 
defined factors. From such curves it is possible to 
estimate circulation times, blood flow, and the 
volume of blood between injection and sampling 
sites. During left-heart catheterization a small 
catheter is passed via a needle in the left atrium 
into the left ventricle. Through this catheter sud- 
den single or continuous injections of dye at con- 
stant rate may be made into either the left ven- 
tricle or, after partial withdrawal, into the left 
atrium. Dye may also be injected through a cardiac 
catheter into the pulmonary artery and into the 
superior vena cava. In addition to the peripheral 
sampling already mentioned, that is, in the radial 
artery and the ear, the dye-dilution curve is also 
recorded centrally from the left atrium, after in- 
jection of dye into the pulmonary artery, superior 
vena cava, left ventricle, or left atrium. By means 
of the technic outlined, ordinarily inaccessible 
circulation times may be measured, and the central 
blood volume can be separated into components 
that may represent the blood volume in the heart 
chambers and lungs. Also, estimates of blood flow 
may be compared by using different combinations 
of injection and sampling sites. 

A further application of this technic in the diag- 
nosis of mitral insufficiency consists of the injec- 
tion of dye into the left ventricle while blood is 
sumpled simultaneously from the left atrium via 
the needle containing the left ventricular catheter 
and from the radial artery. If mitral insufficiency 
is present, it should be possible to detect dyed 
llood in the left atrium shortly after the injection 
iv begun. However, if the mitral valve is competent, 
no dye will be detected until sufficient time has 
clapsed for recirculation of dye to occur via the 
1ormal systemic and pulmonary circulatory path- 


ways back to the left atrium and ventricle. Dogs 
with acute and chronic, surgically created mitral 
insufficiency also show rapid appearance of dye in 
the left atrium in amounts apparently related to 
the severity of the insufficiency; however, no 
rapidly appearing dye is detected under these 
circumstances in the left atrium of normal animals. 
If a constant rate of injection of the dye is carried 
out, the cardiac output is known, and uniform 
mixing of the dye injected into the left ventricle 
and dye regurgitated into the left atrium is as- 
sumed, then the volume of blood regurgitating 
through the mitral valve per unit of time can be 
calculated. 


SIMON 


Wright, J. L., Toscano-Barboza, E., and Branden- 
burg, R. O: Left Ventricular and Aortic Pressure 
Pulses in Aortic Valvular Disease. Proc. Staff 
Meet., Mayo Clin. 31: 120 (Mar.), 1956. 

Data obtained during left-heart catheterization 
of 5 patients with aortic stenosis are presented to 
illustrate the value of combined catheterization 
procedures in classifying, for definitive surgery, pa- 
tients with severe mitral and aortic valvular dis- 
ease. With these combined procedures, not only 
can the degree of aortic stenosis be determined, 
but associated aortic insufficiency can usually be 
detected and the relative severity of bivalvular 
lesions can be assessed. 

SIMON 


PHARMACOLOGY 


Bencine, A., and Parola, P. L.: The ‘‘Pneumo- 
massage”’ of the Heart. Surgery 39: 375 (Mar.), 
1956. 

The authors described a method of producing 
massage of a heart consisting of the rhythmic in- 
sufflation of gas into the pericardial cavity. Be- 
cause the pericardium is an inelastic membrane, an 
increase of pressure in its cavity resulted in com- 
pression of the heart. 

The apparatus consisted of a specially designed 
metallic cannula, introduced through a small hole 
in the pericardium and held in place by means of a 
screw device and a means of applying rhythmic 
insufflation of the gas. 

The machine was tested on 20 dogs in whom 
ventricular fibrillation had been produced with 
electric shocks. The endopericardial pressure varied 
periodically from 0 to 140-160 mm. Hg. The rate 
of application was 60 per minute. The pneumomas- 
sage was maintained for periods of time ranging 
from 10 to 60 minutes. In each animal defibrilla- 
tion was achieved with the first electric shock. 

The authors pointed out that during pneumo- 
massage there was compression also of the intra- 
pericardial portion of the cavae, creating a 
functional valve during the systolic phase that 
prevented too great an increase of venous blood 
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pressure. There was no evidence that pneumomas- 
sage caused an impairment of coronary circulation. 
The authors concluded that pneumomassage 
might become a useful technic in selected human 
cases of ventricular fibrillation during surgery. 
ABRAMSON 


Shaw, R. S.: Vascular Responses to Intra-Arterial 
Diodrast and Urokon during Arteriography. 
Surgery 39: 385 (Mar.), 1956. 

The author reported 2 instances of severe, pro- 
longed arteriospasm following femoral arteriog- 
raphy. In both cases the degree of ischemia was 
alarming, with accompanying motor and sensory 
defects, but there was recovery of the extremity 
after several hours. 

Because of such untoward effects, the matter 
was investigated by performing arteriography or 
aortography while obtaining toe plethysmographic 
tracings. 

In 13 of 15 patients the intra-arterial injection of 
Diodrast or Urokon was followed by immediate 
and profound vasoconstriction lasting from 2 to 13 
minutes. This response was independent of sym- 
pathetic innervation and was presumed to be the 
result of a direct effect of the dye on the arteries. 
The vasoconstriction was followed by vasodilata- 
tion. 

The author concluded that caution is recom- 
mended in the performance of arteriograms in the 
presence of ischemia, lest the resulting vasospasm 
lead to thrombosis. 


ABRAMSON 


Shaw, E. N., and Woolley, D. W.: Methylsero- 
tonins as Potent Antimetabolites of Serotonin 
Active Both Intro and In Vivo. J. Pharmacol. & 
Exper. Therap. 116: 164 (Feb.), 1956. 
Antiserotonin agents have been suggested as 

useful antagonists to control naturally occurring 

hypertension resulting from an excess of serotonin, 

a potent vasoconstrictor. 2.5-Dimethylserotonin is 

a water-soluble and rather active antimetabolite 

that is effective not only on isolated artery rings 

and isolated uteri, but also as an antagonist to the 
pressor action of serotonin in dogs. The compound 
is effective either intravenously or orally, but is 
considerably less efficient by the oral route. The 
preliminary animal studies suggest its future trial 
in human hypertensive subjects. 

AVIADO 


Brun, C., Crone, C., Davidson, H. G., Fabricius, 
J.. Hansen, A. T., Lassen, N. A., and Munck, 
O.: Renal Interstitial Pressure in Normal and 
Anuric Man: Based on Wedged Renal Vein 
Pressure. Proc. Soc. Exper. Biol. & Med. 91: 
199 (Feb.), 1956. 

In nine normal subjects, the wedged renal venous 


pressure averaged 18 mm. Hg. It was not possibk 
to demonstrate a raised pressure in 4 anuric pa- 
tients whose average was 20 mm. Hg. It is believe: 
that in agreement with experience from lungs an 
liver, the wedged renal venous pressure represents 
renal interstitial pressure. Anuria cannot be. ex 
plained by an increased interstitial pressure whicl 
has been postulated by others. 
AVIADO 


Spencer, M. P.: The Renal Vascular Response to 
Vasodepressor Sympathomimetics. J. Pharma 
col. & Exper. Therap. 116: 237 (Feb.), 1956. 
Previous investigation disclosed that the rena! 

vascular circuit (unlike others) would not respond 

to the inhibitory capacity of epinephrine even 
following adequate adrenergic blockade. Additional 
testing of vasodepressor sympathomimetic amines 

(like Isuprel) in dogs has confirmed the absence of a 

vasodilator mechanism in the kidney. The power- 

ful inhibitor amines possess slight but definit« 
vasoconstrictor action. 


AVIADO 


DiPalma, J. R.: The Role of Acetylcholine in 
Hydrocarbon-Epinephrine Arrhythmias. J. Phar- 
macol. & Exper. Therap. 116: 255 (Mar.), 1956. 
The ventricular arrhythmias precipitated by 

epinephrine during the inhalation of petroleum 
ether or chloroform may be prevented or restored 
to sinus rhythm by acetylcholine. Such results 
indicate that acetylcholine plays a major role in 
the production of arrhythmias. The mechanism of 
the so-called sensitization of the heart to epi- 
nephrine may be explained by the fact that its 
natural antagonist acetylcholine is inhibited by 
hydrocarbons. 


AVIADO 


Lum, B. K. B., and Nickerson, M.: Cardiac Ar- 
rhythmias Induced by Tolazoline (Priscoline). 
J. Pharmacol. & Exper. Therap. 116: 156 (Feb.), 
1956. 

The adrenergic blockade and the direct periph- 
eral vasodilatation produced by Tolazoline have 
led to its clinical use in a variety of peripheral 
vascular diseases. However, this agent lacks spec- 
ificity and has been shown also to have sym- 
pathomimetic actions. Intravenous injections of this 
agent induced cardiac arrhythmias in dogs that 
were similar to those evoked by epinephrine in the 
following respects: (1) Cyclopropane sensitized the 
myocardium to the production of arrhythmias. (2) 
The arrhythmias were usually associated with a 
rise in blood pressure, but were not strictly de- 
pendent upon this rise. (3) Large doses of Tola- 
zoline could prevent the arrhythmias apparently 
by a direct action on the myocardium. 

AVIADO 





ABSTRACTS 473 


Goeltner, E., Koch, R., and Schwab, M.: The 
Influence of Digitalis Glycosides on Glomerular 
filtration, on Water and Electrolytes Renal 
Secretion, and on Electrolytes of Plasma in 
Cardiac Failure. Arch. exper. Path. u. Phar- 
nakol. 228: 251 (Mar.), 1956. 

*lasma and urine sodium, potassium, and chlo- 
rie have been measured in 18 patients in cardiac 
faiure before, during, and after digitalization with 
dizitoxin; in 12, glomerular filtration was also 
m asured daily by 24-hour endogenous creatinine 
clearance. In 11 other patients similar determina- 
tins have been made before and after intravenous 
aiministration of 0.25 mg. of K-strophanthin. 
Digitoxin increased the elimination of water, 
solium, chloride, and potassium without change 
in glomerular filtration. The excess excretion is 
therefore due to decreased tubular reabsorption. 
Increase in chloride excretion after digitalis is seen 
also in normal persons and in heart-lung-kidney 
preparations; in view of this, the opinion is held 
that the increased reabsorption of electrolytes re- 
sults from a direct digitalis effect on the renal 
tubular cells. Strophanthin in single doses does not 
cause any significant change in glomerular filtra- 
tion, water and electrolyte excretion, or in plasma 
level of sodium, potassium, or chloride. After 
digitalization plasma sodium falls, plasma potas- 
sium increases; chloride decreases only in the fourth 
day. The decrease in sodium is due in part to 
urinary excretion, in part to shift to the intra- 


cellular compartment; the increase in potassium 
in spite of urinary increased elimination is due to a 
shift from the intra- to the extracellular fluid 
compartment. 


CALABRESI 


Bode, H., and Greff, K.: The Influence of Stro- 
phanthin on Renal Excretion of Potassium and 
Sodium in Rats. Arch. exper. Path. u. Pharm- 
akol. 227: 436 (Feb.), 1956. 

The influence of strophanthin and other gly- 
cosides on renal excretion of potassium and sodium 
was studied in the white rat, in 141 groups of 4 
animals each. The rats received a known diet and 
free amount of water for 2 days preceding the 
experiments. The glycosides were injected in vary- 
ing quantities, from 12.5 to 200 y per 100 Gm. 
body weight subcutaneously: k-strophanthin, k- 
strophanthidin, g-strophanthin, scillaren, and con- 
vallatoxin were used. Potassium and sodium were 
measured by flame photometry, both in the serum 
and in the urine. K-strophanthin and convalla- 
toxin increased excretion of potassium even in the 
smallest dosage used; only with high dosage was 
there an excess elimination of sodium. The effect 
of k-strophanthidin, g-strophanthin, and scillaren 
vas weaker. These effects were interpreted as re- 
ulting from hyperkalemia; hypernatremia has 
‘een observed also in other experiments in which a 


marked increase in potassemia had been obtained, 
although when hyperpotassemia was minimal a 
decrease in natremia was observed instead. The 
opinion is advanced that digitalis glycosides may 
in part substitute mineralo-corticoids in adrenal- 
ectomized animals. 


CALABRESI 


Martin, W. J., Nichols, D. R., and Heilman, F. R.: 
Observations on Clinical Use of Phenoxymethyl 
Penicillin (Penicillin V). J. A. M. A. 160: 928 
(Mar. 17), 1956. 

Phenoxymethyl penicillin (penicillin V) repre- 
sents an advance in therapy with penicillin because 
it has been found to be effective when administered 
by the oral route. The authors report the action of 
penicillin V on 18 patients. The usual dose was 
200,000 units given every 4 hours. With this dosage 
satisfactory concentrations in the serum for treat- 
ment of minor infections due to susceptible or- 
ganisms were noted. In more severe infections the 
dose can be raised to 1,000,000 units. The rate of 
excretion of penicillin V is rather constant in the 
absence of impairment of renal function and there 
is no piling up of the antibiotic in the serum. The 
most frequent untoward reactions was gastroin- 
testinal, and 1 patient had a rather severe aphthous 
stomatitis, but no severe allergic reactions were en- 
countered. 

KircHELL 


Scherf, D., Bussan, R., Gittinger, W. C., and 
Torin, S.: The Influence of Carbon Dioxide 
Inhalation on Ectopic Tachycardias Caused by 
Veratrine. Am. Heart J. 51: 272 (Feb.), 1956. 
Veratrine alkaloids, applied fopically on the 

dog’s ventricle or given intravenously, do not elicit 

extrasystoles with constant coupling. Such extra- 
systoles appeared, however, in 21 of 26 experiments, 
when veratrine was applied topically to the ven- 
tricular surface of the dog’s heart and the animal 
inhaled a mixture of 20 per cent carbon dioxide 
with 80 per cent oxygen. Before the appearance of 
the extrasystoles with fixed coupling a prolongation 
of the ectopic tachycardia, which typically follows 
application of veratrine, could be observed. Simi- 
larly, ectopic rhythms following topical application 
of sodium chloride, sodium citrate, and sodium 
oxalate were prolonged; bigeminal rhythms were 
common. After inhalation of carbon dioxide the 
phenomenon of exit block was seen in a few ex- 
periments and vagal stimulation elicited ectopic 
atrial and ventricular rhythms. 

RINZLER 


Gordh, T., Linderholm, H., and Strojm, G.: A 
Transient Attack of Ventricular Fibrillation 
during Right Heart Catheterization. Anes- 
thesiology 17: 359 (Mar.), 1956. 

The authors report the appearance of ventricular 
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fibrillation in a healthy 39-year-old man during 
right heart catheterization. The attack apparently 
was precipitated by mechanical trauma occurring 
when the catheter tip was withdrawn from the pul- 
monary artery through the right ventricle. With 
pure oxygen artificial breathing as the only treat- 
ment, the attack subsided after approximately 2 
min. and no sequelae developed. 


SAGALL 


Riley, P. A., Barila, T. C., and Hughes, C. W.: 
Ventricular Fibrillation in Hypothermic Dogs as 
Influenced by Thiopental Pentobarbital and 
Succinylcholine. Anesthesiology 17: 277 (Mar.), 
1956. 

Studies on the occurrence of ventricular fibrilla- 
tion during induced immersion hypothermia in 
normal mongrel dogs are reported. It was found 
that thiopental anesthesia, with and without the 
addition of succinylcholine, significantly lowered 
the incidence of ventricular fibrillation and the 
mean temperature at which ventricular fibrilla- 
tion developed as compared to pentobarbital 
anesthesia. 


SAGALL 


Goldfarb, M., Thorner, M. C., and Griffith, G. C.: 
Clinical Experience with Acetyl-Digitoxin: Pre- 
liminary Report. Am. J. M. Sc. 2381: 186 (Feb.), 
1956. 

The clinical response to acetyldigitoxin adminis- 
tration was observed in 82 patients with congestive 
heart failure. This glycoside has been prepared by 
the removal of 1 glucose molecule from Lanatoside- 
A. The drug was shown to be rapidly absorbed 
from the gastrointestinal tract. The heart rate and 
heart size were decreased, and a marked diuresis 
occurred in most cases. The majority of patients 
were maintained in a state of cardiac compensation 
during an 8-month period of observation. Untoward 
symptoms of nausea, vomiting, diarrhea, blurred 
vision, headache, and premature ventricular con- 
tractions were noted in one fifth of the patients. 
All side effects disappeared on decreasing or dis- 
continuing the drug. The comparable efficiency of 
acetyldigitoxin and other cardiac glycosides has 
not been studied in this series. According to the 
authors this agent appears to be indicated in the 
treatment of congestive heart failure, atrial flutter, 
fibrillation and paroxysmal tachycardia. 

SHUMAN 


Moyer, J. H., and Hershberger, R. L.: The Effect 
of Pentolinium on Renal Hemodynamics and 
Water and Electrolyte Excretion: A Comparison 
with Hexamethonium. Am. J. M. Sc. 281: 294 
(Mar.), 1956. 

The effect of pentolinium administered by con- 

tinuous intravenous infusion was studied in 8 


hypertensive patients and 9 normotensive subjects 
with measurements of inulin glomerular filtration 
rate and PAH renal blood flow. Single intravenous 
injections of pentolinium to hypertensive patients 
were similarly studied. A comparison of the chang¢s 
produced by pentolinium infusion was made with 
those resulting from hexamethonium intravenous 
infusion in hypertensive patients. Although the 
onset of action was more rapid following sing e 
intravenous injections, after 1 hour the renal hemo- 
dynamic effects were similar irrespective of the 
mode of administration. Two to 3 hours after the 
single intravenous injections, the renal chang¢s 
were returning to normal levels while a depression 
of glomerular filtration and renal blood flow pe:- 
sisted during the continuous infusion. A strikinz 
reduction of sodium and water excretion paralleled 
the decrease in renal hemodynamics. There was 
also an insignificant decrease in potassium excre- 
tion. Greater alterations were observed in hyper- 
tensive subjects with blood pressures lowered to 
normotensive levels than in the control group in 
whom the blood pressure was reduced to hypo- 
tensive levels. There was no significant difference 
between the effects produced by pentolinium and 
by hexamethonium administered by continuous 
infusion. 
SHUMAN 


Woods, E. F., Richardson, J., Richardson, A., and 
Bazeman, R., Jr.: Plasma Concentrations of 
Epinephrine and Arterenol Following the Ac- 
tions of Various Agents on the Adrenals. J. 
Pharmacol. & Exper. Therap. 116: 351 (Mar.) 
1956. 

It has been shown that intraaortic injections of 
various chemical agents produced cardiovascular 
manifestations typical of epinephrine discharge. 
In the present investigation, microchemical analy- 
sis of changes in plasma levels of epinephrine and 
arterenol coincident with the changes in heart 
force and blood pressure were determined. 

Plasma concentrations of epinephrine and 
arterenol were determined by a modification of the 
fluorometric method of Weil-Molherbe and Bene 
(1952). Twenty experiments were carried out in 
anesthetized dogs who had a bilateral cervical 
vagotomy. Heart force was measured by means oi 
a strain-gage arch attached to the surface of the 
right ventricle. Intraarterial blood pressure was 
measured from the right common carotid artery 
Intraaortic injections were administered through a 
polyethylene catheter placed just above the adrenal! 
artery in the thoracic aorta. Blood samples were 
taken from the right femoral artery. 

In general, increases in circulating amines pro- 
duced by the agents studied were predominantly 
changes in epinephrine levels with relatively minor 
changes in arterenol levels. Nicotine, potassium 
chloride, lactic acid, sodium carbonate, am- 
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monium chloride, ether, procaine, decabarane, and 
barium chloride produced a significant increase in 
ciiculatory amines. However, histamine and calcium 
chloride failed to alter significantly the level of the 
amines. In chronically prepared dogs, increments 
in plasma amines produced by the intraaortic 
in-eetion of potassium chloride were significantly 
greater in the conscious state than after pento- 
barbital anesthesia. There was no difference be- 
tween control levels and those obtained near the 
end of the experiment. Increments in heart force, 
blood pressure, and heart rate were in agreement 
with the measured changes in plasma amines. 

Ether produced the most intense adrenal dis- 
charge. Pentobarbital anesthesia, on the other 
hind, inhibits the discharge of epinephrine and 
arterenol in response to intraaortic potassium 
chloride. Anesthesia with volatile agents has been 
shown by others to produce increases in epinephrine 
aud arterenol concentrations, while anesthesia 
with barbiturates does not increase the plasma 
levels of these amines. 

Intraaortic injections of chemical agents have 
been studied with respect to their effects on plasma 
concentrations of epinephrine and arterenol. Heart 
contractile force, arterial blood pressure, and heart 
rate effects were consistently in agreement with the 
measured changes in plasma amines. 

WECHSLER 


Harrison, F., and Goth, A.: Effect of Reserpine on 
the Hypothalamic Pressor Response. J. Phar- 
macol. & Exper. Therap. 116: 262 (Mar.), 1956. 
The postulated hypothalamic site of action of 

reserpine is based entirely on indirect evidence 

such as its ability to produce hypotension, hypo- 
thermia, and a tranquilizing effect. Therefore, it 
seemed of interest to study the effect of reserpine 
on the hypothalamic pressor response. This study is 
complicated by the fact that this drug has been 


shown to increase the responsiveness of cats to 
levarterenol. An estimation of the animal’s re- 
sponsiveness to levarterenol in addition to stimu- 
lating the hypothalamus was accomplished in 
order to circumvent this complication. 

Intraarterial blood pressures were measured by 
means of a mercury manometer in 12 anesthetized 
cats. Intravenous atropine was used in many ex- 
periments in order to study solely sympathetic 
effects. Hypothalamic stimulation by means of a 
stereotaxic instrument was accomplished every 10 
to 15 min. for control periods of 20 to 60 min. and 
experimental periods of several hours after 50 to 
200 ugm. of reserpine intravenously and in some 
cats after levarterenol intravenously. 

Reserpine caused an inconsistent decrease in the 
hypothalamic pressor response, and then only 20 
to 40 min. after the injection of the drug. Levar- 
terenol abolished this decrease. In order to exclude 
the peripheral sensitizing action of reserpine as a 
cause of the observed increased pressor response to 
injected levarterenol, the spinal column was sec- 
tioned at Cs and levarterenol and reserpine in- 
jected with no change in the results. 

Reserpine lowers blood pressure but does not 
inhibit the hypothalamic pressor response in anes- 
thetized cats. One must conclude, therefore, that 
the hypotensive effect of reserpine is not related to 
a depression of the hypothalamus. However, that 
hypothalamic pressor augmentation following levar- 
terenol was less than the augmentation following 
levarterenol alone indicates that this conclusion 
may not be correct. This result is interpreted as a 
reduction in the hypothalamic response, as far as 
the neural centers are concerned, which is con- 
cealed by an associated decrease in responsiveness 
of a supraspinal neural mechanism that normally 
limits the peripheral pressor action of adrenergic 
agents. 

WECHSLER 
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ABSTRACTS OF AHA SCIENTIFIC SES- 
SIONS PAPERS DUE JUNE 15 

Those wishing to present either papers or 
scientific exhibits at the 1957 Scientific Ses- 
sions of the American Heart Association in 
Chicago next fall must make application before 
June 15. The Scientific Sessions are scheduled 
for October 25-28 at the Hotel Sherman, in 
conjunction with the 33rd Annual Meeting of 
the Association. 

Papers intended for presentation must be 
based on original investigation in, or related to, 
the cardiovascular field. Abstracts must be sub- 
mitted in triplicate on forms obtainable from 
the Medical Director of the Association. Ab- 
stracts should not exceed 300 words and should 
contain in summary form the results obtained 
and the conclusions reached. 

Current plans provide for a postgraduate 
course for practicing physicians as part of the 
Scientific Sessions. The course will probably 
last one day. 

Space will be available at the Hotel Sherman 
for scientific and technical exhibits. Applica- 
tions for space should also be addressed to the 
AHA Medical Director (44 East 23rd Street, 
New York 10, N. Y.). Applications will be 
processed by the Program Committee of the 
Scientific Council. 


DR. EUGENE B. FERRIS APPOINTED 
MEDICAL DIRECTOR OF AMERICAN 
HEART ASSOCIATION 


Dr. Eugene B. Ferris, formerly Professor of 
Medicine and Chairman of the Department of 
Medicine, Emory University, Atlanta, Georgia, 
has been appointed Medical Director of the 
American Heart Association. 

In his new position, Dr. Ferris will plan and 
direct the medical and scientific programs of 
the Association. 

Before assuming his teaching position in 
Atlanta in 1952, Dr. Ferris was successively 
Instructor, Assistant Professor, Associate and 
full Professor of Medicine at the University of 
Cincinnati College of Medicine. The Associa- 
tion’s new Medical Director previously served 
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as a Vice President of the American Heart 
Association, as Chairman of the Medical 
Advisory Board of the Association’s High 
Blood Pressure Research Council and as men.- 
ber of the Executive Committee of the Associ: - 
tion’s Scientific Council. 

Dr. Ferris’ earlier activities included the 
editorship of the American Journal of Clinic: 
Investigation and the presidencies of the 
American Society for Clinical Investigation 
and the American Psychosomatic Society. 

Dr. Ferris has been active in basic and 
clinical medical research throughout his career 
and has published some 150 scientific papers 
concerned particularly with the heart and 
blood vessels, heat regulation of the body, avia- 
tion medicine and physiology, and pulmonary 
physiology. 


SUBMIT BLAKESLEE AWARD ENTRIES 
BY MAY FIRST 

May first will be the final date for submitting 
entries in the annual Howard W. Blakeslee 
Awards competition of the American Heart 
Association for outstanding reporting in the 
field of heart and blood vessel diseases. The 
Awards Committee of the Association will make 
its selections from among newspaper and maga- 
zine articles, books, radio and television pro- 
grams and films published or produced between 
March 1, 1956 and February 28, 1957. 

The number of winners to be selected this 
year will be determined by the judges. Each 
award carries an honorarium of $500. Presenta- 
tion will be made at a meeting of the American 
Heart Association to be held in the fall. Entry 
blanks and award instructions may be ob- 
tained from the Association, 44 East 23rd 
Street, New York 10, N. Y. 


CARDIOVASCULAR RESEARCH 
TRAINING PROGRAM 


A new one-year term of the unique post 
gradutae cardiovascular research and training 
program at the Medical College of Georgia 
in Augusta will start on July 1. It will permit 
about five postdoctoral students to receive ar 
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in‘ensive training in cardiovascular research 
ui.der the direct supervision of Dr. William F. 
Hamilton, President of the American Physio- 
lozical Society and Professor of Physiology, 
and Dr. Raymond P. Ahlquist, Professor of 
Pharmacology. 

The program includes classical experiments, 
use of modern instruments in physiology, 
pharmacology and surgery, utilization of deli- 
cite meters to measure the blood flow and, 
Inter on, the carrying out of individual re- 
scarch projects by students either working 
jointly or with faculty members. It is spon- 
sored by the American Heart Association and 
the National Heart Institute of the U. S. 
Public Health Service. 

The course is conducted at the Departments 
of Physiology and Pharmacology, Medical 
College of Georgia in Augusta. A stipend of 
$3,800 plus $350 for each dependent and 
certain expenses will be provided to partici- 
pants who will be given time to read classical 
and current research reports. 

Inquiries and requests for application forms 
should be addressed to either of the directors 
of the program, Dr. W. F. Hamilton or Dr. 
R. P. Ahlquist at the Medical College of 
Georgia. 


MAY 31 DEADLINE FOR ABSTRACTS 
FOR THE ARTERIOSCLEROSIS SOCIETY 

Abstracts of papers to be presented at the 
fall meeting of the American Society for the 
Study of Arteriosclerosis are to be submitted 
by May 31 in quadruplicate to G. C. Patterson, 
M.D., 14 Mayfair Drive, London, Ontario, 
Canada. Abstracts should not exceed 300 words. 
The Society’s next annual meeting will take 
place at Chicago’s Hotel Knickerbocker on 
November 3-4, 1957. 

The Society also announced the death of one 
of its founders and past presidents, G. Lyman 
Duff, M.D., Professor of Pathology and Dean, 
Faculty of Medicine, McGill University, Mon- 
treal. In his honor the Society established the 
Annual George Lyman Duff Lecture. 


HEART ASSOCIATIONS IN CALIFORNIA 
AND OHIO ANNOUNCE FELLOWSHIPS 


The San Francisco Heart Association an- 
nounced the establishment of three senior 


fellowships of about $6,000 per year to be 
awarded in 1957. For details write to Arthur 
L. Bloomfield, M.D., Chairman, Research Com- 
mittee, San Francisco Heart Association, 604 
Mission Street, San Francisco 5, Calif. 

The Central Ohio Heart Association is spon- 
soring a Clinical fellowship in cardiovascular 
diseases to be located in any Central Ohio 
hospital. The fellowship is for one, two or three 
years and carries an annual stipend of $5,000 
with $500 additional for each dependent child. 
For further information write to George 
Morrice, Jr., M.D., President, Scientific Coun- 
cil, Central Ohio Heart Association, 50 East 
Broad Street, Columbus 15, Ohio. 

A research fellowship supported by the San 
Mateo County (Cal.) Heart Association is 
available at the Cardiopulmonary Laboratory 
of the Medical Service, Veterans Hospitals, 
San Francisco. The fellowship is under the 
auspices of Stanford University School of 
Medicine. For further details write to Forrest 
M. Willett, M.D., Veterans Administration 
Hospital, Fort Miley, San Francisco. 


INTER-AMERICAN MEDICAL CONVEN.- 
TION MEETS IN APRIL IN 
PANAMA CITY 


The Second Inter-American Medical Con- 
vention will convene at the Hotel El Panama, 
Panama City, Republic of Panama, April 3-5, 
1957 under the auspices of the Medical Society 
of the Isthmian Canal Zone, a chapter of the 
American Medical Association. 


UN STATEMENTS ON EFFECTS OF 
RADIATION AVAILABLE 

The United Nations Scientific Committee 
on the Effects of Atomic Radiation issued a 
statement entitled ‘““The Responsibilities of the 
Medical Profession in the Use of X-Rays and 
Other Ionizing Radiation.”’ The statement is 
available in a shorter, less technical and a 
longer, more technical version from Raymond 
K. Appleyard, Acting Secretary, Scientific 
Committee on the Effects of Atomic Radiation, 
United Nations, New York, N. Y. 

The Committee is making efforts, through 
governments and other interested organiza- 
tions, to obtain information concerning the 
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magnitude of the exposures of populations to 
radiation which result from medical practices. 


MEETINGS CALENDAR 


March 11: Scientific Meeting of the New England 
Cardiovascular Society, Boston. Alexander S. 
Nadas, M.D., Secretary, The New England Car- 
diovascular Society, % The Massachusetts Heart 
Association, 650 Beacon St., Boston 15, Mass. 

March 19: National Advisory Committee of Local 
Health Departments, Cincinnati. Miss Martha 
Luginbuhl, National Advisory Committee, 1790 
Broadway, New York, N. Y. 

March 20-22: Annual Meeting of the National 
Health Council, Cincinnati. National Health 
Forum Registration, National Health Council, 
1790 Broadway, New York, N. Y. 

March 25-28: American Academy of General Prac- 
tice, St. Louis. Mr. Mac F. Cahal, Volker 
Blvd., Kansas City 12, Mo. 

April 3-5: Inter-American Medical Convention, 
Panama City, Republic of Panama. William T. 
Bailey, M.D., Gorgas Hospital, Ancon, Panama 
Canal Zone. 

April 8-12: American College of Physicians, Boston. 
Mr. E. R. Loveland, 4200 Pine St., Philadelphia, 
Pa. 

April 11-13: American Association of Pathologists 
and Bacteriologists, Washington, D.C. Edward 
A. Gall, Cincinnati General Hospital, Cincinnati 
29, Ohio. 

April 15-19: American Society for Experimental 
Pathology, Chicago. Cyrus C. Erickson, 858 
Madison Ave., Memphis 3, Tenn. 

April 22-27: American Academy of Neurology, 
Boston, T. W. Framer, University of North Caro- 
lina, Chapel Hill, N. C. 

April 28—May 2: Society for American Bacteriolo- 
gists, Detroit, J. W. Bailey, Sterling-Winthrop, 
Research Institute, Rensselaer, N. Y. 

May 5: American Federation for Clinical Research, 
Atlantic City, N. J. William W. Stead, Veterans 
Hospital, Minneapolis 17, Minn. 

May 5-10: National Tuberculosis Association, 
Kansas City, Mo. Mrs. Morrell DeReign, 1790 
Broadway, New York 19, N. Y. 

May 6-9: American Urological Association, Pitts- 
burgh. Samuel L. Raines, 188 S. Bellevue Blvd., 
Memphis, Tenn. 

May 7-8: Association of American Physicians, 
Atlantic City, N. J. P. B. Beeson, Yale University 
School of Medicine, New Haven, Conn. 

May 8-10: American Surgical Association, Chicago 
R. Kennedy Gilchrist, 59 E. Madison St., Chicago, 
Til. 

May 13: Scientific Meeting of the New England 
Cardiovascular Society, Boston. Alexander S. 
Nadas, M.D., Secretary, The New England 


Cardiovascular Society, % The Massachusetts 
Heart Association, 650 Beacon St., Boston 15 
Mass. 

May 15-18: First Wisconsin Conference on Work 
and the Heart, Milwaukee. Elston L. Belkna,,, 
M.D., Marquette University School of Medicin: 
561 N. 15th St., Milwaukee 3, Wis. (By invit: 
tion.) 

May 27-29: American Gynecological Society, Ho: 
Springs, Va. A. A. Marchetti, 3800 Reservoir Rd 
N.W., Washington 7, D. C. 

May 29-June 2: American College of Chest Phys 
cians, New York. Murray Kornfeld, 112 | 
Chestnut St., Chicago, IIl. 

May 30-31: American Geriatrics Society, New York 
Richard J. Kraemer, Greenwood, R. I. 

June 1: American Academy of Tuberculosis Physi 
cians, New York. Oscar 8. Levin, P. O. Box 7011 
Denver 6, Colo. 

June 2: American Society for Vascular Surgery, New 
York. Henry Swan, 4200 East 9th Ave., Denver 
20, Colo. 

June 3-7: American Medical Association Annual 
Meeting, New York. George F. Lull, M.D., 
American Medical Association, 535 N. Dearborn 
St., Chicago 10, Il. 

June 6-21: American Society for Pediatric Research, 
Carmel, Calif. Sydney 8. Gellis, 330 Brookline 
Ave., Boston 15, Mass. 

June 17-19: American Pediatric Society, Carmel, 
Calif. A. C. McGuinness, 1427 Eye Street, N. W., 
Washington 5, D. C. 


ABROAD 

April 10-11: Third Congress of the Israel Heart 
Society, Jerusalem. Dr. Karl Braun, Hadassah 
University Hospital, Jerusalem, P. O. B. 499. 

June 3-7: Harvey Tercentenary Congress, London. 
D. Geraint James, M.D., M.R.C.P. 11 Chandos 
Street, Cavendish Square, London W.1. 

June 23-28: International Congress on Rheumatic 
Diseases, Toronto, Ont. International Congress 
on Rheumatic Diseases, P.O. Box 237, Terminal 
“A”, Toronto, Ontario, Canada. 

July 14-19: International Gerontological Congress, 
Merano-Bolzano, Italy. Segreteria, Quarto Con- 
gresso Internazionale de Gerontologia, Viale 
Morgagni 85, Firenze, Italy. 

July 21-28: International Congress of Neurological 
Sciences, Brussels, Belgium. Pearce Bailey, M.D., 
National Institute of Health, Bethesda 14, Md. 

July 24-29: International Congress of Nutrition, 
Paris. Congress International de Nutrition, 71 
Blvd. Pereire, Paris 17e, France. 

September 14-21, 1958: Third World Congress of 
Cardiology, Brussels. Dr. F. Van Dooren, 80 Rue 
Mercelis, Brussels, Belgium. 
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YOUR PATIENT NEEDS AN ORGANOMERCURIAL 


Practicing physicians know that many years of clinical and laboratory experience 
with any medication are the only real test of its efficacy and safety. 


Among available, effective diuretics, the organomercurials have behind them over 
three decades of successful clinical use. Their clinical background and thousands of 
reports in the literature testify to the value of the organomercurial diuretics. 

) 


TABLET 


NEOHYDRIN 


BRAND OF CHLORMERODRIN (18.3 MG. OF 3-CHLOROMERCURI-2-METHOXY-PROPYLUREA 
EQUIVALENT TO 10 MG. OF NON-IONIC MERCURY IN EACH TABLET) 
a standard for initial control of severe failure 


MERCUHYDRIN® SODIUM 
BRAND OF MERALLURIDE INJECTION 


LAKESIDE 
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